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(57) ABSTRACT

The curable composition for encapsulating an optical semi-
conductor includes, a linear polyfluoro compound, a cyclic
organosiloxane having a SiH group and a fluorine-containing
organic group, and/or an organo hydrogen siloxane having a
SiH group and a fluorine-containing organic group, a plati-
num group metal catalyst, a cyclic organosiloxane having a
SiH group, a fluorine-containing organic group and an epoxy
group, and a cyclic organopolysiloxane having a monovalent
unsaturated hydrocarbon group and a fluorine-containing
organic group, and a hardness of the cured product obtained
by curing is 30 to 80 by Type A durometer regulated by HS
K6253-3. The present invention provides a curable composi-
tion for encapsulating an optical semiconductor which gives
a cured product excellent in impact resistance and adhesive-
ness, and an optical semiconductor apparatus in which an
optical semiconductor device is encapsulated by a cured
product obtained by curing the curable composition for
encapsulating an optical semiconductor.

25 Claims, 2 Drawing Sheets
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1
CURABLE COMPOSITION FOR
ENCAPSULATING OPTICAL
SEMICONDUCTOR AND OPTICAL
SEMICONDUCTOR APPARATUS USING THE
SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a curable composition for
encapsulating an optical semiconductor and an optical semi-
conductor apparatus using the same.

2. Description of the Related Art

It has heretofore been proposed, as a curable composition,
a cured product which is well-balanced in the properties of
heat resistance, chemical resistance, solvent resistance, mold
releasability, water repellency, oil repellency and low tem-
perature characteristics can be obtained from a composition
comprising a linear fluoropolyether compound having at least
two alkenyl groups in the molecule and a perfluoropolyether
structure in the main chain, a fluorine-containing organo
hydrogen siloxane having two or more hydrogen atoms
directly bonded to a silicon atom in the molecule and a plati-
num group compound (Patent Document 1).

Moreover, it has been also proposed a composition to
which self-adhesiveness is provided to a metal or plastic
substrate by adding an organopolysiloxane having a hydrosi-
1yl group and an epoxy group and/or a trialkoxysilyl group to
the composition (Patent Document 2).

Furthermore, it has been proposed a composition in which
adhesiveness to various substrates, particularly to a polyphe-
nylene sulfide resin (PPS) or a polyamide resin is improved
by adding a carboxylic acid anhydride to the above-men-
tioned composition (Patent Document 3). In addition, in
Patent Document 4, it has been proposed a composition
which can prevent from lowering in brightness even in the
presence of a corrosive acidic gas or an alkaline gas.

However, among the cured products obtained by curing the
actually prepared compositions of the prior art, when the
material having a Type A durometer hardness regulated by JIS
K6253-3 of as low as 20 or so is used as an encapsulating
agent of a light emitting diode (in the following, it is referred
to as “LED” otherwise specifically mentioned), there were
cases where impact resistance as an encapsulating agent was
insufficient. For example, when the optical semiconductor
apparatuses in which the LED is encapsulated by the cured
product in bulk are to be arranged to a certain direction and a
posture by using a bowl type vibration parts feeder, the prob-
lem frequently occurred that a bonding wire connecting the
LED chip and the electrode had been disconnected by the
impact due to collision of the optical semiconductor appara-
tuses to each other.

On the other hand, when the hardness of the cured product
is heightened to improve the impact resistance, the problem
was generated that the adhesiveness of the cured product to
the package material of the LED, particularly to a polyph-
thalamide (PPA) which is a representative material thereof
was insufficient.

PRIOR ART REFERENCES
Patent Documents

[Patent Document 1] JP Patent No. 2990646
[Patent Document 2] JP Patent No. 3239717
[Patent Document 3] JP Patent No. 3567973
[Patent Document 4] JP 2009-277887
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2
SUMMARY OF THE INVENTION

The present invention has been accomplished in view of the
above-mentioned circumstance, and an object thereof is to
provide a curable composition for encapsulating an optical
semiconductor which gives a cured product excellent in
impact resistance and having good adhesiveness, and an opti-
cal semiconductor apparatus in which an optical semiconduc-
tor device is encapsulated by a cured product obtained by
curing the curable composition for encapsulating an optical
semiconductor.

To solve the above-mentioned problems, according to the
present invention, it is provided a curable composition for
encapsulating an optical semiconductor comprising

(A) 100 parts by mass of a linear polyfluoro compound rep-
resented by the following formula (1),

CH,—CH—(X),-Rf'-(X"),—CH=CH, 1)

wherein X is a group represented by any one of —CH,—,
—CH,0—, —CH,OCH, and —Y—NR'—CO—;

where Y represents —CH,— or an o-, m- or p-dimethyl-
silylphenylene group represented by the following structural
formula (2),

@

N2
CH; —

and R! represents a hydrogen atom, or an unsubstituted or
substituted monovalent hydrocarbon group,
X'is a group represented by any one of —CH,—, —OCH,—,
—CH,OCH,— and —CO—NR'—Y'—;

where Y' is a group represented by any one of —CH,— or
an o-, m- or p-dimethylsilylphenylene group represented by
the following structural formula (3),

3)
~¢ P
4 \ Ti—,
— CH;

IRt

and R! represents the same group as mentioned above; “a
represents independently 0 or 1; and Rf* represents a divalent
perfluoropolyether group represented by the following for-
mula (4) or (5),

@)

CF; CF;

——C;F2(OCF,CF),0CF,(CF,),CF,0(CFCF0),C Fy—

wherein “p” and “q” represent each an integer of 1 to 150,
and an average of the sum of “p” and “q” represents 2 to 300;

[Tt

1 represents an integer of 0 to 6; and “t” is 2 or 3,
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(©)]
CF;

— CF3(OCFCF,)(OCF3);0CFy,—

[TARt) [Tt}

wherein “u” represents an integer of 1 to 300; s repre-
sents an integer of 1 to 80; and “t” represents the same as
defined above,

(B) acyclic organopolysiloxane represented by the following
formula (6), having a hydrogen atom directly bonded to a
silicon atom, and a monovalent perfluoroalkyl group or a
monovalent perfluorooxyalkyl group each bonded to a sili-
con atom through a divalent hydrocarbon group which may
contain an oxygen atom or a nitrogen atom in the molecule,
and/or an organo hydrogen siloxane represented by the
following formula (36), having a hydrogen atom directly
bonded to a silicon atom, and a monovalent perfluoroalkyl
group or a monovalent perfluorooxyalkyl group each
bonded to a silicon atom through a divalent hydrocarbon
group which may contain an oxygen atom or a nitrogen
atom in the molecule,

)

1\ /1
?iO TiO
R? R?
w v
wherein “w” represents an integer of 3 to 6; “v” represents

an integer of 1 to 4; w+v represents an integer of 4 to 10; R>
represents a substituted or unsubstituted monovalent hydro-
carbon group; and A represents a monovalent perfluoroalkyl
group or a monovalent perfluorooxyalkyl group each bonded
to the silicon atom through a divalent hydrocarbon group
which may contain an oxygen atom or a nitrogen atom,

(36)

R R®
G—?i—O O—Si—G

R® R®

¢ 4
Sj—TJ—¢i

R® R®
H—Si—O o—si—H

I|{5 R®

3-5'

wherein J represents a divalent perfluoroalkylene group or
a divalent perfluorooxyalkylene group each bonded to a sili-
con atom through an oxygen atom an alkylene group or a
divalent hydrocarbon group which may contain an oxygen
atom or a nitrogen atom; G independently represents a
monovalent perfluoroalkyl group or a monovalent perfluo-
rooxyalkyl group each bonded to a silicon atom through a
divalent hydrocarbon group which may contain an oxygen
atom or a nitrogen atom; and R independently represents a
substituted or unsubstituted monovalent hydrocarbon group;
“s" represents O or an integer of 1 to 3; “t" represents 0 or an
integer of 1 to 3; and s'+t' represents an integer of 1 to 5;
(C)0.1 to 500 ppm of a platinum group metal catalyst in terms

of a platinum group metal atom,
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4

(D) 0.10to 10.0 parts by mass of a cyclic organopolysiloxane
represented by the following formula (7), having a hydro-
gen atom directly bonded to a silicon atom, a monovalent
perfluoroalkyl group or a monovalent perfluorooxyalkyl
group each bonded to a silicon atom through a divalent
hydrocarbon group which may contain an oxygen atom or
a nitrogen atom, and an epoxy group bonded to a silicon
atom through a divalent hydrocarbon group which may
contain an oxygen atom in the molecule,

[RTARE
?iO TiO TiO
R [ AR/ \R /

173333 173333

wherein “1” represents an integer of 1 to 4; “j” represents an
integer of 1 to 4; “k” represents an integer of 1 to 6; i+j+k
represents an integer of 4 to 10; R represents a substituted or
unsubstituted monovalent hydrocarbon group; D represents a
monovalent perfluoroalkyl group or a monovalent perfluo-
rooxyalkyl group each bonded to a silicon atom through a
divalent hydrocarbon group which may contain an oxygen
atom or a nitrogen atom; and E represents an epoxy group
bonded to a silicon atom through a divalent hydrocarbon
group which may contain an oxygen atom; and
(E) 0.10 to 70.0 parts by mass of a cyclic organopolysiloxane
represented by the following formula (8), having a
monovalent unsaturated hydrocarbon group directly
bonded to a silicon atom, and a monovalent perfluoroalkyl
group or a monovalent perfluorooxyalkyl group each
bonded to a silicon atom through a divalent hydrocarbon
group which may contain an oxygen atom or a nitrogen
atom in the molecule,

Q)

®

% M
?iO Si0
R* R*

[T L)

wherein “1” represents an integer of 1 to 4; “m” represents
an integer of 3 to 6; 1-1-m represents an integer of 4 to 10; R*
represents a substituted or unsubstituted monovalent hydro-
carbon group; L represents a monovalent perfluoroalkyl
group or a monovalent perfluorooxyalkyl group each bonded
to a silicon atom through a divalent hydrocarbon group which
may contain an oxygen atom or a nitrogen atom; and M
represents a monovalent unsaturated hydrocarbon group
directly bonded to a silicon atom, wherein the above-men-
tioned Component (B) is contained in such an amount that the
hydrogen atom directly bonded to a silicon atom becomes 0.1
to 2.0 mole based on 1 mole of the sum of the alkenyl group
of the above-mentioned Component (A) and the monovalent
unsaturated hydrocarbon group of the above-mentioned
Component (E), and a hardness of a cured product obtained
by curing the composition is a value of 30 to 80 by Type A
durometer regulated by JIS K6253-3.

Such a curable composition for encapsulating an optical
semiconductor containing all of the above mentioned Com-
ponents (A) to (E) which is an addition curable fluoropoly-
ether type curable composition having the hardness of the
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cured product within the above-mentioned range has good
impact resistance and adhesiveness.

Moreover, it is preferred that the composition further com-
prises, as Component (F), 0.010 to 10.0 parts by mass of a
cyclic organopolysiloxane represented by the following for-
mula (9), having a hydrogen atom directly bonded to a silicon
atom, a monovalent perfluoroalkyl group or a monovalent
perfluorooxyalkyl group each bonded to a silicon atom

6

If the refractive index is within the above range, in the
optical semiconductor apparatus in which the optical semi-
conductor device is encapsulated by the cured product
obtained by curing the composition of the present invention,
it is preferred since there is no fear of lowering the efficiency
of taking the light emitted from the LED to outside by the
design of the optical semiconductor apparatus.

The above-mentioned Component (A) is preferably a
material represented by the following formula (10),

10)

CH,==CH— (X!),—CF(OCF,CF)y—0——(CF,);— 0 — (CFCF,0).CF—(X!),— CH=CH,

CF;3

through a divalent hydrocarbon group which may contain an
oxygen atom or a nitrogen atom, and a cyclic carboxylic acid
anhydride residue bonded to a silicon atom through a divalent
hydrocarbon group in the molecule,

RYARYA
TiO TiO ?iO
R® / RS/ RS/

[Tt} [Tt}

wherein “X” represents an integer of 1 to 6; “y” represents
an integer of 1 to 4; “z” represents an integer of 1 to 4; x+y+z
represents an integer of 4 to 10; R® represents a substituted or
unsubstituted monovalent hydrocarbon group; S represents a
monovalent perfluoroalkyl group or a monovalent perfluo-
rooxyalkyl group each bonded to a silicon atom through a
divalent hydrocarbon group which may contain an oxygen
atom or a nitrogen atom; and T represents a cyclic carboxylic
acid anhydride residue bonded to a silicon atom through a
divalent hydrocarbon group.

When the curable composition for encapsulating an optical
semiconductor contains the above-mentioned Component (F)
in addition to the above-mentioned Component (A) to Com-
ponent (E), it gives a cured product showing better adhesive-
ness to various substrates, particularly to a polyphthalamide
(PPA). Accordingly, the cured product of the above-men-
tioned curable composition for encapsulating an optical semi-
conductor is suitable for an encapsulating agent of an optical
semiconductor device, particularly to an encapsulating agent
for protecting a LED.

In addition, the above-mentioned curable composition for
encapsulating an optical semiconductor preferably has a vis-
cosity regulated by JIS K7117-1 at 23° C. of 100 to 50,000
mPa-s.

When the viscosity is 100 mPa-s or more, it is preferred
since there is no fear of becoming difficult to control the
dispenser for discharging a predetermined amount into the
LED package due to higher fluidity, and when it is 50,000
mPa-s or less, it is preferred since there is no fear of lowering
productivity by taking a time for leveling the curable compo-
sition for encapsulating an optical semiconductor in the LED
package.

Also, a refractive index of the cured product obtained by
curing the above-mentioned curable composition for encap-
sulating an optical semiconductor at 25° C. and 589 nm (D
line of sodium) is preferably 1.30 or more and less than 1.40.

®
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CF3 CF;3

wherein X' has the same meaning as the above-mentioned
X; and X" has the same meaning as the above-mentioned X';
“a” independently represents O or 1; “d” represents an integer
of2t0 6;“b” and “c” represent each an integer of 1 to 150; and
b+c (average)=2 to 300.

Such a compound is more preferred as the linear polyfluoro
compound.

The above-mentioned alkenyl group content of the linear
polyfluoro compound of Component (A) is preferably 0.0050
t0 0.100 mole/100 g.

When the alkenyl group content of Component (A) is
0.0050 mole/100 g or more, it is preferred since cross-linking
degree is sufficient and there is no fear of causing curing
failure, and when the alkenyl group content is 0.100 mole/100
g or less, it is preferred since there is no fear of impairing
mechanical characteristics of the cured product as a rubbery
elastomer.

The monovalent perfluoroalkyl group or the monovalent
perfluorooxyalkyl group possessed by each of the cyclic orga-
nopolysiloxanes of the above-mentioned Component (B),
Component (D), Component (E) and Component (F) is pref-
erably that represented by the following formula (11) or the
following formula (12), respectively,

CFoi— an

wherein “f” represents an integer of 1 to 10.

12)

CF; CF;

F(CFCF,0),CF—

[Tty

wherein “g” represents an integer of 1 to 10.

Thus, the monovalent perfluoroalkyl group or the monova-
lent perfluorooxyalkyl group is preferably that represented by
the above-mentioned formula (11) or represented by the
above-mentioned formula (12), respectively.

The present invention is to provide an optical semiconduc-
tor apparatus having an optical semiconductor device, and a
cured product obtained by curing the above-mentioned cur-
able composition for encapsulating an optical semiconductor
for encapsulating the optical semiconductor device.

The curable composition for encapsulating an optical
semiconductor of the present invention can provide a cured
product showing good impact resistance and good adhesive-
ness to the various kinds of substrates, particularly to the
polyphthalamide (PPA), so that the optical semiconductor
apparatuses in which the optical semiconductor devices are
encapsulated by the cured product are, for example, to be
arranged to a certain direction and a posture by using a bowl
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type vibration parts feeder in the manufacturing steps, even
when the optical semiconductor apparatuses are collided to
each other, damages of the parts such as disconnection of the
bonding wire difficultly occurs, and further, peeling between
the cured product and the package material of the optical
semiconductor apparatus difficultly occurs, so that yield and
productivity can be improved.

The above-mentioned optical semiconductor device is
preferably a light emitting diode.

Thus, the cured product of the curable composition for
encapsulating an optical semiconductor of the present inven-
tion is suitable as an encapsulating agent particularly for
protecting a light emitting diode.

In the curable composition for encapsulating an optical
semiconductor of the present invention, by using the above-
mentioned Components (A) to (E), and further Component
(F), if necessary, in combination, the cured product has a
suitable hardness whereby it has good impact resistance, and
accordingly, the optical semiconductor apparatus in which an
optical semiconductor device has been encapsulated can be
manufactured without damaging the parts such as disconnec-
tion of the bonding wire. Moreover, the curable composition
for encapsulating an optical semiconductor shows good adhe-
siveness to various kinds of substrates, in particular to a
polyphthalamide (PPA), so that it becomes a suitable material
for protecting the LED as an encapsulating agent.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of a cross-sectional view
showing one example of the optical semiconductor apparatus
of the present invention, and

FIG. 2 is a schematic drawing of a cross-sectional view
showing other example of the optical semiconductor appara-
tus of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, the present invention will be explained in
more detail.

As mentioned above, it has been required to obtain a cur-
able composition for encapsulating an optical semiconductor
which gives a cured product having good impact resistance,
and having good adhesiveness to various substrates, particu-
larly to PPA, and an optical semiconductor apparatus wherein
an optical semiconductor device is encapsulated by the cured
product obtained by curing the composition.

The present inventors have intensively studied to accom-
plish the above-mentioned objects, and as a result, they have
found that when the composition containing the following
Components (A)to (E), and further Component (F) is used, it
becomes a curable composition for encapsulating an optical
semiconductor having a suitable hardness, and giving a cured
product having good impact resistance and good adhesive-
ness, as an effect of using the following Components (A) to
(E), and further Component (F), if necessary, in combination,
whereby the present invention has been accomplished. In the
following, the present invention is explained in more detail.
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8
[Component (A)]

Component (A) of the present invention is a linear poly-
fluoro compound represented by the following formula (1),

CH,—=CH—(X) -Rf'-(X"),—CH=CH, 1)

wherein X is a group represented by any one of —CH,—,
—CH,0—, —CH,0CH,— and —Y—NR!—CO—;

where Y represents —CH,— or an o-, m- or p-dimethyl-
silylphenylene group represented by the following structural
formula (2),

@

and R! represents a hydrogen atom, or unsubstituted or sub-
stituted monovalent hydrocarbon group;
X'is a group represented by any one of —CH,—, —OCH,—,
—CH,0OCH,— and —CO—NR!—Y'"—,

where Y' represents —CH,— or an o-, m- or p-dimethyl-

silylphenylene group represented by the following structural
formula (3),

&)

~Z I
¢ \ Ti—,
— CH;

IRt

and R! represents the same group as mentioned above; “a
represents independently 0 or 1; and Rf* represents a divalent
perfluoropolyether group represented by the following for-
mula (4) or (5),

@)

CF; CF;

——C;F2(OCF,CF),0CF,(CF,),CF,0(CFCF0),C Fy—

wherein “p” and “q” represent each an integer of 1 to 150;
and an average of the sum of “p” and “q” represents 2 to 300;

[Tt

1 represents an integer of 0 to 6; and “t” represents 2 or 3,

(&)
CF;

——CF2(OCFCF2)(OCF2);OCFz—
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[TARt) [Tt}

wherein “u” represents an integer of 1 to 300; s repre- Preferred examples of the Rf* group may be mentioned, for
example, those represented by the following formulae (i) to
(iii), and more preferably a divalent group having the struc-
defined above. ture of the formula (i),

sents an integer of 1 to 80; and “t” has the same meaning as

®
—CF—(OCFZ—TF)I,,—O—(CFZ)Z—O—(CF—CFZO)q—CF—
CF3 CF3 CF3 CF3

(if)
—CFZCFZ—(OCFZ—TF)pr—O—(CFZ)Z—O—(CF—CFZO)qr—CFZCFZ—

CF3 CF3
Here, R' is preferably, other than the hydrogen atom, a wherein “p” and “q"” represent each an integer of 1 to 150,
monovalent hydrocarbon group having 1 to 12 carbon atoms, preferably an integer of 1 to 100; p'+q' (average)=2 to 300,
particularly 1 to 10 carbon atoms, more specifically, an alkyl preferably 2 to 200, more preferably 10 to 150,
group such as a methyl group, an ethyl group, a propyl group, 20 (iii)
a butyl group, a hexyl group, a cyclohexyl group and an octyl — CF—(OCF —CFy)y— (O—CFy)y—O—CF—

group; an aryl group such as a phenyl group and a tolyl group; CF3 CF; CF;

an aralkyl group such as a benzyl group and a phenylethyl

group; and a substituted monovalent hydrocarbon group in 5 ) )

which a part or whole of the hydrogen atoms of the above- . wherein “u"’ represents an integer of 1 .to 300, preferably an

mentioned groups is/are substituted by a halogen atom such integer of 1 to 200, more preferably an integer of 10 to 150

as fluorine, etc. “s" represents an integer of 1 to 80, preferably an integer of 1
Rf' in the above-mentioned formula (1) has a divalent to 50, more preferably an integer of 1 to 30.

perfluoropolyether structure represented by the following Preferred examples of Component (A) may be mentioned

formula (4) or (5), the compound represented by the following formula (10),

(10)
CH,=CH— (X"),—CF(OCF,CF),— O0—(CF,);—0— (CFCF,0).CF— (X'),— CH=CH,

CF;  CF CF; CF;

wherein X' is a group represented by the formula:

40
*
CF; CF;
—— C/F2(OCF,CF),0CF,(CF,),CF,0(CFCFy0),CFy—
—CH,—, —CH,0—, —CH,OCH,— or
45 —Y—NR'"—CO—;
wherein “p” and “q” represent each an integer of 1 to 150,
preferably each an integer of 1 to 100; and an average of the where Y represents —CH,— or an o-, m- or p-dimethyl-
sum of “p” and “q” represents 2 to 300, preferably 2 to 200, . silylphenylene group represented by the following structural
more preferably 10 to 150; “r” represents an integer of O to 6; formula (2),
and “t” represents 2 or 3,
cn @
55 | 3 \/’
—Si / \
® | —
CF, CH;
——CF5(OCFCF,),(OCF,),OC;Fy,—
60

RY represents a substituted or unsubstituted monovalent

wherein “u” represents an integer of 1 to 300, preferably an hydrocarbon group such as a hydrogen atom, a methyl group,
integer of 1 to 200, more preferably an integer of 10 to 150, 45 a phenyl group or an allyl group;
“s” represents an integer of 1 to 80, preferably an integer of 1 X! is a group represented by the formula: —CH,—,

to 50, “t” has the same meaning as defined above. —OCH,—, —CH,0OCH,— or —CO—NR"—Y"—;
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11 12
where Y' represents —CH,— or an o-, m- or p-dimethyl- and R has the same meaning as defined above; “a” repre-
silylphenylene group represented by the following structural sents independently O or 1; “d” represents an integer of 2 to 6;
formula (3), €)) “b” and “c” represent each an integer of 1 to 150, preferably
~4 \ TH3 , an integer of 1 to 100; and b+c (average)=2 to 300, preferably
¢ Si— 2 to 200, more preferably 10 to 150.
— éH3 Specific examples of the linear polyfluoro compound rep-

resented by the above-mentioned formula (10) may be men-
tioned those as mentioned by the following formulae.

CH,==CH— CF — (OCF»CF),,;— 0— CF,CF>—0—(CFCF,0),— CF—CH=CH,

CF3 CF; CF3 CF;

CH,==CHCH,0CH, — CF — (OCF>CF),;;— 0 — CF,CF>—0—(CFCF,0),,(— CF— CH,0CH,CH==CH,

CF; CF;s CF; CF;

CH,==CHCH,NHCO — CF—— (OCF3CF) ;j—0 — CF,CF,— 0 —(CFCF,0),,;— CF— CONHCH,CH=CH,

CF; CF;3 CFs3 CF;
CH; CH;

CH,==CHCH,N—CO—CF— (OCF,CF),,;— 0 —CF,CF,— 0—(CFCF,0),,—CF—CO—NCH,CH==CH,

CF; CF; CF3 CF;

CH,==CHCH,NCO— CF—— (OCF,CF),, ;= 0—CF,CF,—0—(CFCF,0),;—CF — CONCH,CH=CH,

CF3 CFs CF3 CFs
CH;
CH,—CH—S;i NHCO — CF— (OCF,CF),j— O — CF,CF,— 0 — (CFCF,0),,— CF— CONH
CH; CF; CF;3 CF; CFs
CH;
Si—CH=—=CH,
CH;
CH;
CH==CH—S§i NHCO — CF— (OCFCF),;j— O — CF>CF, — 0 — (CFCF,0),,(— CF— CONH
CHj CF3 CF3 CF3 CFs
CH;
Si—CH=CH,
CH;
CH; CH; CH;
CH,=—=CH—Si NCO—CF — (OCF>CF),,j— 0— CF,CF>—0—(CFCF,0),,(—CF—CON
CH; CFs3 CF;3 CF;3 CF;
CH;

Si—CH=CH,

CH;
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wherein “m1” and “nl” represent each an integer of 1 to
150, preferably an integer of 1 to 100; m1+n1=2 to 300,
preferably an integer satisfying 6 to 200.

An alkenyl group content contained in the linear fluo-
ropolyether compound represented by the above-mentioned
formula (1) is preferably 0.0050 to 0.100 mole/100 g, more
preferably 0.0060 to 0.050 mole/100 g. When the alkenyl
group content contained in the linear polyfluoro compound is
0.0050 mole/100 g or more, it is preferred since the cross-
linking degree becomes sufficient and there is no possibility
of causing curing deficiency, and when the alkenyl group
content is 0.100 mole/100 g or less, it is preferred since there
is no fear that the mechanical characteristics of the cured
product as a rubbery elastomer are impaired.

Also, a viscosity (at 23° C.) of the linear polyfluoro com-
pound represented by the above-mentioned formula (1) is
desirably in the range of 100 to 100,000 mPa-s, more prefer-
ably 500 to 50,000 mPa-s according to the viscosity measure-
ment regulated by JIS K7117-1, for using the composition of
the present invention as an encapsulating agent of the LED.

These linear polyfluoro compounds may be used alone or
two or more kinds in combination.

[Component (B)]

Component (B) is a cyclic organopolysiloxane having a
hydrogen atom directly bonded to a silicon atom and a
monovalent perfluoroalkyl group or a monovalent perfluo-
rooxyalkyl group each bonded to a silicon atom through a
divalent hydrocarbon group which may contain an oxygen
atom or a nitrogen atom in one molecule represented by the
following formula (6), and/or an organo hydrogen siloxane
having a hydrogen atom directly bonded to a silicon atom and
a monovalent perfluoroalkyl group or a monovalent perfluo-
rooxyalkyl group each bonded to a silicon atom through a
divalent hydrocarbon group which may contain an oxygen
atom or a nitrogen atom in one molecule represented by the
following formula (36), and acts as a cross-linking agent of
the above-mentioned Component (A),

i)

RG
G—Sl_ O—Si—G
RG
),
RG
H—SI—O O—Si—H
RS/,

[T t)

In the above-mentioned formula (6), “w” represents an
integer of 3 to 6, preferably an integer of 3 to 5, “v” represents
an integer of 1 to 4, preferably an integer of 1 to 3, and w+v
represents an integer of 4 to 10, preferably an integer of4to
8.

R? is a substituted or unsubstituted monovalent hydrocar-
bon group, and the same group as the substituted or unsub-
stituted monovalent hydrocarbon group of R' mentioned

above may be mentioned.

)

(36)
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Further, A is a monovalent perfluoroalkyl group or a
monovalent perfluorooxyalkyl group each bonded to a silicon
atom through a divalent hydrocarbon group which may con-
tain an oXygen atom or a nitrogen atom. These are groups to
be incorporated in the viewpoints of compatibility with Com-
ponent (A), dispersibility and uniformity after curing.

In the above-mentioned formula (36), “s™ represents 0 or
an integer of 1 to 3, “t" represents O or an integer of 1 to 3, and
s'+t' represents an integer of 1to 5.

R%is independently a substituted or unsubstituted monova-
lent hydrocarbon group, and the same group as the substituted
or unsubstituted monovalent hydrocarbon group of R* men-
tioned above may be mentioned.

Moreover, J represents a divalent pertluoroalkylene group
or a divalent perfluorooxyalkylene group each bonded to a
silicon atom through an oxygen atom, or a divalent hydrocar-
bon group which may contain an oxygen atom or a nitrogen
atom.

G represents independently a monovalent perfluoroalkyl
group or a monovalent perfluorooxyalkyl group each bonded
to a silicon atom through a divalent hydrocarbon group which
may contain an oxygen atom or a nitrogen atom. G is a group
to be incorporated in the viewpoints of compatibility with
Component (A), dispersibility and uniformity after curing.

The monovalent perfluoroalkyl group or a monovalent per-
fluorooxyalkyl group may be mentioned the group repre-
sented by the following formulae (11) and (12),

CFoi— (1

wherein “f” represents an integer of 1 to 10, preferably an
integer of 3 to 7,

12)

CF; CF;

F(CFCF,0),CF—

[Tty

wherein “g” represents an integer of 1 to 10, preferably 2 to
8.

The above-mentioned divalent perfluoroalkylene group or
divalent perfluorooxyalkylene group may be mentioned the

group represented by the following formulae (37) to (39),

—CyFog— 67

(11}

wherein “g" represents an integer of 1 to 20, preferably an
integer of 2 to 10,

(38)
—— CF— (OCF,CF)y—0— CF,CF,—0—(CFCF,0); — CF—

CF; CF; CF; CF3

125

wherein “h™ and “i"”” represent each an integer of 1 or more,
preferably an integer of 1 to 20, and an average of the sum of
“h"™ and “1”” represents 2 to 40, preferably 2 to 20,

—CF,0—(CF,CF,0),{CF,0),—CF,— (39)

wherein “j” and “k" represent each an integer of 1 or more,
preferably an integer of 1 to 20, and an average of the sum of
“”” and “k" represents 2 to 40, preferably 2 to 20.

Also, the monovalent perfluoroalkyl group or the monova-
lent perfluorooxyalkyl group, or the divalent hydrocarbon
group which is to bond the divalent perfluoroalkylene group
or the divalent perfluorooxyalkylene group and the silicon
atom, and may contain an oxygen atom or a nitrogen atom
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shown by the above-mentioned A, J and G may be mentioned —CH,CH,CH,—NH—CO—,
an alkylene group having 2 to 12 carbon atoms, or a group in —CH,CH,CH,—N(Ph)-CO— (provided that Ph is a phenyl

which an ether bond, an oxygen atom, an amide bond and/or group.),
a carbonyl bond is/are interposed into the group, and more —CH,CH,CH,—N(CH;)—CO—, and
specifically mentioned, 5 —CH,CH,CH,—0O—CO—.
—CH,CH,—, Such Component (B) may be mentioned, for example, the
—CH,CH,CH,— following mentioned compounds. Incidentally, in the follow-
—CH,CH,CH,OCH,—, ing formulae, “Me” represents a methyl group.
H C/C4F9 H C/CGH13 CgF H C/C4Hg H C/C6Fl3
2 2 6113 2 2
Nen N \ Ner Ner
CH,
/ / /
\

/ /
Slo—< >— SlO‘é >7 HZC\SiO 1110\ - \810 /810 Slo—< >7
ARSIV
O

Il
CeF13 CeF13 /N—C—TF O—CFZ—TF F
LG CFs
2

e %&%ﬁ

\/\
\/\
/

/
/

o—c —CF 0—CF,—CF\—TF —c —CF O—CFZ—CF
ST T
2\ s, \

/ /

—c —CF O—CFZ—CF —c —CF —CFZ—CF
T
\ \

/ /

HZC\ }|I HZC\ Pll

TO TiO TO TiO
Me Me A Me Me A

1, Me

0o—C —CF 0—CF —CF F |
( ’ ‘)7 Me OTI—H
|, . ; Me A

H—=SiO Si—O—=8i
| Me
Me A |
OSi— (CH,);—C¢F
SIO | (CHz)s 6F13
Me

/\/\

Me
CoF 13—(CH2)3—TiO O%i—H
AN
Me Mg pg—g/ \ Me
Me Me
H—Si0 0Si— (CHy);—CgF 13

Me A Me
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F TF—CFZ—O TF—CHZ—
CF; CF;s
2
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-continued

Me Me

00— (CHy);—SiO 0Si—H

AN

€ 8i—0—s¢i

Me Me
H—=SiO OTi_(CHz)s_CGFIS
Me Me
Me 2 Si—(CH,),—Si Me
CeF13—(CH,)3—Si0O 0Si—H
Me Me
2
Me Me
H~—SiO OTi—(CH2)3—C5F13
Me ) ) Me A
Me 2,Si—(CHy)—Si Me
CeF13—(CHz)3—SiO 0Si—H
Me Me
Me Me
—CH,—O—(CH,)3—SiO, OSi—H

/e

18

l\l/Ie
OTi—(CHZ)g—O—CHZ—TF O—CFZ—TF F
Me CF; CF;
2 2

Me i (CH,),—si
"]
H—Si0
Me A
l\l/Ie
Ve 0Si—H
. . . Me
H—Si0——8i— (CHy),— CF1,—(CHa),—Si 2
Me
Me

3

Me

H—=SiO,

Me / NSi—(CHy),—CgF1y— (CHa),—Si

Me
CeF 35— (CH,);—Si0

Me

OSi—(CHy)3—C¢F13

Me
Me

OSi—H

Me
Me

OSi—(CHy)3—C¢F13

Me

Me

F‘CTF—CFZ—OTTF—CHZ—O—(CHZ)g—TiO\
CFs ) CFs Me Si—(CH;),—CgF 13— (CHy),—Si

Me

H—SiO

Me A

Me

OSi—H

Me
Me

0Si—(CH,)3—0—CH,—CF

A

Me

CF

0—CF,—CF

CF

F
I
3
2

l\l/Ie
H—TiO OTi—(CHZ)g—O—CHZ—TF O—CF2—|CF F
Me Me CF; CF3
2 & N
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-continued
Me Me
0Si— (CH,),—Si
Me
Me Me
H—=SiO Si—(CH,),—CgF1,— (CH,),—Si
|1 i— (CHp),—C¢Fjp—(CHp),—Si N—C— CF—f-0—CF,—CF F
Me Me | |
s | Me O CF CFs
OSi—H 24
Me A
l\l/Ie
OSi—H
Me |
Me A
H—SiO Si—(CHZ)Z—TF—OCFZCF—O—CFZCFZ—O—TFCFZO—CF—(CHZ)Z—Si
| Me
Me /, CF; CF, CF; CF,
OSi—(CHy)3—CsF 13
Me
Me
OSi—H
Me |
Me h
H—Sio Si—(CHZ)Z—TF—OCFZCF—O—CFZCFZ—O—CFCFZO—CF—(CHZ)Z—Si
Me
Me /, CF, CF; CF, CF; \I
OTi—(CHZ)g—O—CHZ—TF O—CFZ—TF F
Me CF; CF;
p)
l\l/Ie
OSi—H
Me
Me A
H— Si0——8i—(CHy)s— CF,0— (CF>CF,0),——(CF>0),—CF,— (CH, ),—Si
Me
Me A
OSi—(CHy)3—C¢F 3
Me
Me
OSi—H
Me
Me

2
H—Sio Si— (CHy),— CF,0— (CF>CF>0),—— (CF,0);— CF>— (CH,), —Si

Me
Me |

3 OTi—(CHZ)g—O—CHZ—TF O—CFZ—TF F

Me CF;s CFs )

50

Component (B) may be used a single kind alone or may be reaction of the alkenyl group contained in the composition,
used two or more kinds in combination. particularly the alkenyl group in Component (A) and the
The formulation amount of the above-mentioned Compo- unsaturated hydrocarbon group in Component (B), and the

nent (B) is such an amount that the SiH group (a hydrogen SiH group contained in the composition, particularly the SiH
atom directly bonded to a silicon atom) in Component (B) 55 group in Component (B). The hydrosilylation catalyst is gen-

becomes 0.1 to 2.0 mole, more preferably 0.5 to 1.5 mole, erally a noble metal or a compound thereof, and is an expen-
based on the sum of the alkenyl group contained in Compo- sive so that platinum or a platinum compound which can be
nent (A) and the monovalent unsaturated hydrocarbon group relatively easily available is used well.

of the above-mentioned Component (B) as 1 mole. If the The platinum compound may be mentioned, for example,

amount of the SiH group is less than 0.1 mole, cross-linking 60
degree becomes insufficient, while if it exceeds 2.0 mole,
there are fears that preservability is impaired, or heat resis-
tance of the cured product obtained by curing is lowered.

chloroplatinic acid or a complex of chloroplatinic acid and an
olefin such as ethylene, etc., a complex with an alcohol or
vinylsiloxane, and metallic platinum supported silica, alu-

[Component (C)] mina, carbon, etc. As the platinum group metal catalyst other
The platinum group metal catalyst which is Component 65 than platinum or a compound thereof, rhodium, ruthenium,
(C) of the present invention is a hydrosilylation catalyst. The ~ iridium or palladium series compounds have been also

hydrosilylation catalyst is a catalyst to promote the addition known, and may be exemplified by, for example,
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RhCI(PPh;);, RhCI(CO)(PPh;),, Ru;(CO),,, IrCI(CO)
(PPh,),, Pd(PPh,),, etc. In the above formulae, “Ph” repre-
sents a phenyl group.

For using these catalysts, when it is a solid catalyst, it may
be possible to use them in the solid state, but for the purpose
of'obtaining a more uniform cured product, it is preferred, for
example, to use a material in which chloroplatinic acid or a
complex is dissolved in a suitable solvent such as toluene and
ethanol so as to be compatible with the linear polyfluoro
compound of Component (A).

The formulation amount of Component (C) is an effective
amount as the hydrosilylation catalyst, and generally 0.1 to
500 ppm, particularly preferably 0.5 to 200 ppm (in terms of
a mass of the platinum group metal atom) based on the
amount of Component (A), and may be optionally changed
depending on the desired curing rate.

[(Component (D)]

Component (D) of the present invention is a cyclic organ-
opolysiloxane represented by the following formula (7), and
having a hydrogen atom directly bonded to a silicon atom, a
monovalent perfluoroalkyl group or a monovalent perfluo-
rooxyalkyl group each bonded to a silicon atom through a
divalent hydrocarbon group which may contain an oxygen
atom or a nitrogen atom, and an epoxy group bonded to a
silicon atom through a divalent hydrocarbon group which
may contain an oxygen atom in the molecule, and is an
adhesiveness imparting agent to provide self-adhesiveness to
the cured product obtained by curing the composition of the
present invention.

H D E
I I I
TiO TiO TiO
R/ OA\RY R/
1” represents an inte-

In the above-mentioned formula (7),
ger of 1 to 6, preferably an integer of 2 to 5, “j” represents an
integer of 1 to 4, preferably an integer of 1 to 3, “k” represents
an integer of 1 to 4, preferably an integer of 1 to 3, and i+j+k
represents an integer of 4 to 10, preferably an integer of 4 to
8.

R? is a substituted or unsubstituted monovalent hydrocar-
bon group, and the same group as the substituted or unsub-
stituted monovalent hydrocarbon group of the above-men-
tioned R' may be mentioned.

M

73233

Further, D represents a monovalent perfluoroalkyl group or
a monovalent perfluorooxyalkyl group each bonded to a sili-
con atom through a divalent hydrocarbon group which may
contain an oxygen atom or a nitrogen atom, and the same
group as the above-mentioned A may be mentioned. These
are groups to be incorporated in the viewpoints of compat-
ibility with Component (A), dispersibility and uniformity
after curing.

Also, E represents an epoxy group bonded to asilicon atom
through a divalent hydrocarbon group which may contain an
oxygen atom, and specifically the following groups may be
mentioned,
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—R’*—CH—CH,

\/

wherein R represents a divalent hydrocarbon group hav-
ing 1 to 10 carbon atoms, particularly 1 to 5 carbon atoms,
into which an oxygen atom may be interposed, more specifi-
cally, there may be mentioned an alkylene group such as a
methylene group, an ethylene group, a propylene group, a
butylene group, a hexylene group and an octylene group; a
cycloalkylene group such as a cyclohexylene group; and an
oxyalkylene group such as an oxyethylene group, an oxypro-
pylene group and an oxybutylene group.

E may be specifically exemplified by the following.

—(CH2)3—CH\—/CH2 —(CHZ)ZO—CH\—/CHZ

— (CH,);0CH,— CH—CI,
\/

Such Component (D) may be mentioned, for example, the
following mentioned compounds. Incidentally, in the follow-
ing formulae, “Me” represents a methyl group.

/O—CHZ—TF O—CFZ—TF F
HyC CF; CF;
\ 25
CH,
/ /\
CH, H,—CH,0—CH—CH,
\.
TlO
Me
/O—CHZ—CF O—CFZ—TF F
HzC\ CF3 CF;
2 0
/ /\
c, i1 CH,— CH,—CH,0CH, —CH—CH,
\ |
SIO 710—710
Me
/ —CHZ—TF —CFZ—TF F
HzC\ CF3 CF; A /O\
/ Hy H,—CH,0CH,—CH—CH,
CH,
810—8104{810%
/ —CHZ—CF —CFZ—TF F
HyC, CF3 CF; 0
\ 2 / \
/ H,—CH,—CH—CH,
CH,

THZ
TlO
’7Me Me A
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-continued
CeF13
H. C/
2
\ O
/ /\
CH, CH,— CHy — CH,OCH, — CH—CH,
\ |
SIO TlO
e Me
CeF13
H C/
2’
\ 0]
/ /\
CH, H, —CH,—CH,OCH, —CH—CH,
\
SIO SlO—Slo—‘
CyHy
H. C/
2
O
\CH
/ 2 CH,—O—CH—CH,
CH.
$
TlO TiO—TiO
Me Me Me _‘
CeF'13
H. C/
2
O
\
S CH, — CH,—CH—CH,
N
S

TiO |iO TiO
Me A Me Me A

Component (D) may be used a single kind alone or may be
used two or more kinds in combination. Also, the formulation
amount of the Component (D) is 0.10 to 10.0 parts by mass
based on 100 parts by mass of Component (A), preferably in
the range of 0.50 to 8.0 parts by mass. Ifit is less than 0.10 part
by mass, sufficient adhesiveness cannot be obtained, while if
it exceeds 10.0 parts by mass, fluidity of the composition
becomes worse, and the physical strength of the resulting
cured product is lowered.

[Component (E)]

Component (E) of the present invention is a cyclic organ-
opolysiloxane represented by the following formula (8), hav-
ing a monovalent unsaturated hydrocarbon group directly
bonded to a silicon atom, and a monovalent perfluoroalkyl
group or a monovalent perfluorooxyalkyl group each bonded
to a silicon atom through a divalent hydrocarbon group which
may contain an oxygen atom or a nitrogen atom in the mol-
ecule, and contributes to improve hardness of the cured prod-
uct obtained by curing the composition of the present inven-
tion.

w
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®
YA
?iO ?iO
R/ R /.

In the above-mentioned formula (8), “1” represents an
integer of 1 to 4, preferably an integer of 1 to 3, a “m”
represents an integer of 3 to 6, preferably an integer of 3to 5,
and 1+m represents an integer of 4 to 10, preferably an integer
of4t0 8.

Also, R* is a substituted or unsubstituted monovalent
hydrocarbon group, and the same group as the above-men-
tioned substituted or unsubstituted monovalent hydrocarbon
group of R' may be mentioned.

Moreover, L represents a monovalent perfluoroalkyl group
or a monovalent perfluorooxyalkyl group each bonded to a
silicon atom through a divalent hydrocarbon group which
may contain an oxygen atom or a nitrogen atom, and the same
group as the above-mentioned A may be mentioned. These
are groups to be incorporated in the viewpoints of compat-
ibility with Component (A), dispersibility and uniformity
after curing.

In addition, M represents a monovalent unsaturated linear
hydrocarbon group directly bonded to a silicon atom, and
specifically mentioned a vinyl group, an allyl group, a butenyl
group, a hexenyl group and a decenyl group. Among these, a
vinyl group or an allyl group is preferred.

Such Component (F) may be mentioned, for example, the
following mentioned compounds. Incidentally, in the follow-
ing formulae, “Me” represents a methyl group.

CyFg
H C/ Cg¢F
2 6 13
\
’—slo%&o% ’—slo% >—‘
CeF13 HZC CeF13
\
CH, CH /CH2 ﬁHZ
HC HZIC HC ch
TiO TiO TiO TiO
Me Me A Me Me A
C4Fyg CeF13 HZC\\
CH, CH
CH, ” CH, /
HC ?H HC HZIC
TiO TiO TiO TiO
Me h Me A Me Me A
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oF -continued
6113
HZC/
\

/\

CH, CHZ
H
SIO
2 4

0—C —CF —CFZ—CF
/ I
HZC\ CF,
/CHZ CH2
H,C CH
\ |

Tlo TiO

’7Me Me A

—c —CF~<— —CFZ—CFT
HZC

CH

/
VN
SIO/ \ %10

/\/\

/ HC
\

—C —CF —CFZ—CF
/
3
\ CHZ
/
H,C HC
\ .
TlO SiO
Me
—C —CF —CFZ—CF
/
\ HZC

CH

[\ [ HE/O \
YA/

Component (E) may be used a single kind alone or may be
used two or more kinds in combination. Also, the formulation
amount of Component (E) is in the range 0f 0.10 to 70.0 parts
by mass based on 100 parts by mass of Component (A),
preferably 1.0 to 60.0 parts by mass. Ifit is less than 0.10 part
by mass, an effect of improving hardness of the cured product

/.

10

20

35

40

50

55

60

26

obtained by curing the composition of the present invention
cannot sufficiently be obtained, while if it exceeds 70.0 parts
by mass, adhesiveness of the cured product obtained by cur-
ing the composition of the present invention to the polyph-
thalamide (PPA) tends to be insufficient.

[Component (F)]

The curable composition for encapsulating an optical
semiconductor of the present invention preferably contains
the following Component (F) as an optional component.

Component (F) of the present invention is a cyclic organ-
opolysiloxane represented by the following formula (9), and
having a hydrogen atom directly bonded to a silicon atom, a
monovalent perfluoroalkyl group or a monovalent perfluo-
rooxyalkyl group each bonded to a silicon atom through a
divalent hydrocarbon group which may contain an oxygen
atom or a nitrogen atom, and a cyclic carboxylic acid anhy-
dride residue bonded to a silicon atom through a divalent
hydrocarbon group in the molecule, and acts to improve an
adhesion imparting ability of the above-mentioned Compo-
nent (D), and to further promote expressing adhesiveness of
the cured product obtained by curing the composition of the
present invention.

©

[Taxt)

In the above-mentioned formula (9), “x” represents an
integer of 1 to 6, preferably an integer of 2 to 5, “’y” represents
an integer of 1 to 4, preferably an integer of 1 to 3, “z”
represents an integer of 1 to 4, preferably an integer of 1 to 3,
and x+y+z represents an integer of 4 to 10, preferably an
integer of 4 to 8.

R’ is a substituted or unsubstituted monovalent hydrocar-
bon group, and the same group as the substituted or unsub-
stituted monovalent hydrocarbon group of R may be men-
tioned.

Further, S represents a monovalent perfluoroalkyl group or
a monovalent perfluorooxyalkyl group each bonded to a sili-
con atom through a divalent hydrocarbon group which may
contain an oxygen atom or a nitrogen atom, and the same
group as the above-mentioned A may be mentioned. These
are groups to be incorporated in the viewpoints of compat-
ibility with Component (A), dispersibility and uniformity
after curing.

T represents a cyclic carboxylic acid anhydride residue
bonded to a silicon atom through a divalent hydrocarbon
group, and specifically the following groups may be men-
tioned.

13)
_R6

CH—CH,

O=cC C=0
\O/

In the above-mentioned formula (13), R® represents a diva-
lent hydrocarbon group having 1 to 15 carbon atoms, more
specifically, there may be mentioned a methylene group, an
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ethylene group, a propylene group, a butylene group, etc., and

above all, a propylene group is preferred.

Such Component (F) may be mentioned, for example, the
following mentioned compounds. Incidentally, in the follow-

ing formulae, “Me” represents a methyl group.

C C
C4F9 >_/
H C/ H,C
2 2
\CH \CH
2 2
I N
H,C H,C
\ , \
TlO TlO TlO
Me Me A Me —\
o\ /O\ ¢o
C C
CeF13 >_/
H C/ H,C
2 2
\CH \CH
2 2
S N
H,C H,C
\ | \
TlO TlO TlO
Me Me A Me —\
o\ /O\ Z0
C C
CeF13 >_/
H C/ H,C
2 2
\CH \CH
2 2
S N
H,C H,C
\ | \
TlO TlO TlO
Me Me A Me —\
o\ /O\ ¢o
C C
CeF13 >—/
H C/ H,C
2 2
\CH \CH
2 2
VA /
H,C H,C
\ . | \..
TlO TlO TlO
Me Me Me A
O IN 20
C C
CeF13 >_/
H C/ H,C
2 2
\CH \CH
2 2
VA /
H,C H,C
\. | \..
TlO TlO TlO
Me Me Me
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-continued
O 0) O
N N\ A
CeF'13 >_/
H. C/ H,C
2 2
\CH \CH
2 2
/ /

0, O, 0
L 7
/N—C—TF-<»O—CFZ—TF F >—/
HC CF CF, / HaoC,
\ 3 3 o \
CH, CH,
/ - /
H,C H,C
[T \
TlO TlO TlO
Me \Me Z Me—‘
o
O\c AN e
0
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HC CF CF, / HaoC,
\CH 3 v \CH
2 2
/ H
H,C
A \
TlO Sio

_ -

H,C /
Sio \

Me

L)L

H

/O—C —TF O_CFZ_TF F
H,C CF; CF, / HC

\ 2

CH,

/ H
H,C

N (1)

TiO TiO

Me \Me Z

C C
O—CFZ—TF F>—/
CF; HzC\CH
2
/
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-continued

H
/O—C —TF O—CFZ—ClF F
HC CFs CF; | BC
£

\ \
/CH2 /CHZ
H
/ HZC\ \ / i \ HZC\
SiO Sio

)\l /

Component (F) may be used a single kind alone or may be
used two or more kinds in combination. The formulation
amount of the above-mentioned Component (F) is 0.010 to
10.0 parts by mass based on 100 parts by mass of Component
(A), preferably in the range 0 0.10 to 5.0 parts by mass. When
it is 0.010 part by mass or more, a sufficient effect to promote
developing adhesiveness of the composition according to the
present invention can be obtained, and when it is 10.0 parts by
mass or less, there is no fear of worsening fluidity of the
composition, and not impair the preservation stability of the
composition.

[Other Component]

In the curable composition for encapsulating an optical
semiconductor of the present invention, various kinds of for-
mulation agents such as a plasticizer, a viscosity controller, a
plasticity imparting agent, an inorganic filler, a reaction con-
troller, and an adhesion promoter other than Component (F)
may be added to the above-mentioned Components (A) to (F)
to heighten its practicability, if necessary. The formulation
amounts of these additives are optional.

Astheplasticizer, the viscosity controller and the plasticity
imparting agent, the polyfluoro monoalkenyl compound rep-
resented by the following formula (12') and/or the linear
polyfluoro compound represented by the following formula
(13") or (14") may be used in combination,

Rf2-(X"),CH=CH, 129

wherein X' and “a” represent the same as explained in the
above-mentioned formula (1), and Rf* is a group represented
by the following formula (15"),

(159
CF;

F(CFCF0),CyyFay —

wherein “f”” represents an integer of 1 or more, preferably
an integer of 1 to 100, more preferably an integer of 1 to 50,
and is smaller than either of p+q (average), the sum of “u” and
“s”, or the sum of “b” to “d” regarding the Rf' group of the
above-mentioned Component (A); and “h" represents 2 or 3.

(13)

wherein Rf? is a group represented by C, F,, ., ,— (“b™is 1
to 3), “c"” represents an integer of 1 to 200, preferably an
integer of 2 to 100, and is smaller than either of p+q (average),

the sum of “u” and “s”, or the sum of “b” to “d” regarding the
Rf* group of the above-mentioned Component (A),

Rf3-O—(CF,CF,CF,0)_-Rf*

Rf3-O—(CF,0)4{CF,CF,0)_Rf} 149

wherein Rf> has the same meaning as defined above, “d"
and “e"’ represents each an integer of 1 to 200, preferably an
integer of 1 to 100, and, the sum of “d™ and ““¢"” is smaller than
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either of p+q (average), the sum of “u” and “s”, or the sum of
“b” to “d” regarding the Rf* group of the above-mentioned

Component (A).

Specific examples of the polyfluoro monoalkenyl com-
pound represented by the above-mentioned formula (12"
may be mentioned, for example, the following (incidentally,
the following m2 is to satisfy the above-mentioned require-
ments).

F CFCF,0 CF—CH=—=CH,
T
m2
F CFCF,0 CF—CH,0CH,CH=—=CH,
T L
CFCF,0 CF—C—N—CHZCHZCHZ
T
CFCF,0 CF—C—N—CHZCH=CH2
T
CH;
CFCFZO CF—C—N
T

Si—CH=CH,

CH;
CH;

CFCF,0 F—C—N Si—CH=CH,
A T S T

Specific examples of the linear polyfluoro compounds rep-
resented by the above-mentioned formula (13') and (14') may
be mentioned, for example, the following (incidentally, the
following “n3” or a sum of “n3” and “m3” is to satisty the
above-mentioned requirements. ),

CF;0—(CF,CF,CF,0),;—CF,CF,

—{(OCF,CF,),5(0CE,),,,31

wherein m3+n3=2 to 201, m3=1 to 200, and n3=1 to 200.

The viscosities (at 23° C.) of the polyfluoro compounds
represented by the above-mentioned formula (12') to (14") are
desirably 5.0to 100,000 mPa-s, particularly in the range of 50
to 50,000 mPa-s according to the same measurement method
as in Component (A).

Examples of the inorganic filler may be mentioned a silica
type reinforcing filler including silica powder such as fumed
silica, precipitation silica, spherical silica and silica aerogel;
or silica powder in which the surface of the above-mentioned
silica powder is treated by various kinds of organochlorosi-
lane, organodisilazane or cyclic organopolysilazane; silica
powder in which the surface-treated silica powder is further
treated again with an organosilane or an organosiloxane hav-
ing the monovalent perfluoroalkyl group represented by the
above mentioned formula (11) or the monovalent perfluo-
rooxyalkyl group represented by the above-mentioned for-
mula (12); a reinforcing or semi-reinforcing filler such as
quartz powder, fused quartz powder, diatomaceous earth and
calcium carbonate; inorganic pigments such as titanium
oxide, iron oxide, carbon black and cobalt aluminate; a heat-
resistance improver such as titanium oxide, iron oxide, car-

—O—CF,
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bon black, cerium oxide, cerium hydroxide, zinc carbonate,
magnesium carbonate and manganese carbonate; a thermal
conductivity imparting agent such as alumina, boron nitride,
silicon carbide and metal powder; and a conductivity impart-
ing agent such as carbon black, silver powder and conductive
zinc oxide. In addition, inorganic fine particles such as mag-
nesium fluoride, aluminum fluoride, calcium fluoride, lithium
fluoride, sodium fluoride, thorium fluoride and silicon oxide,
each having a refractive index at 25° C. and 589 nm (D line of
sodium) of 1.50 or less are useful as the reinforcing filler.

Examples of the controlling agent of the hydrosilylation
catalyst may be mentioned an acetylenic alcohol such as
1-ethynyl-1-hydroxycyclohexane, 3-methyl-1-butyn-3-ol,
3,5-dimethyl-1-hexyn-3-ol, 3-methyl-1-penten-3-ol and phe-
nylbutynol; a reaction product of a chlorosilane having a
monovalent perfluoroalkyl group or a monovalent perfluo-
rooxyalkyl group which are the same as mentioned in the
above substituent A and an acetylenic alcohol; 3-methyl-3-
penten-1-yn, 3,5-dimethyl-3-hexen-1-yn, triallylisocyanu-
rate; or polyvinylsiloxane, an organophosphorous com-
pound, etc., and by adding these compounds, curing reactivity
and preservation stability can be maintained suitably.

The adhesion promoter other than Component (F) may be
mentioned, for example, the following carboxylic acid anhy-
drides. Incidentally, in the following formulae, “Me” repre-
sents a methyl group. These compounds may be used alone or
two or more kinds in combination.

o} o}
I I
C C
N\ AN
0 0
/ /
c c
I |
o} o}
o} o} o}
I I I
C C C
/ \ | \
o\ /o Me— /o
C c c
| | |
o} 0 o}
o}
o} I 0
C
o} 0
o) o}
0 CF; o}
I
C
0 | 0
CF;
o] o}

The manufacturing method of the curable composition for
encapsulating an optical semiconductor of the present inven-
tion is not particularly limited, and it can be manufactured by
kneading the above-mentioned Components (A) to (E), Com-
ponent (F) and other optional component(s) together. At that
time, if necessary, a mixing apparatus such as a planetary
mixer, a ross mixer and a Hobart mixer; and a mixing and
kneading apparatus such as akneader and a three-roll mill can
be used.

With regard to the constitution of the curable composition
for encapsulating an optical semiconductor of the present
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invention, depending on the uses, it may be constituted by the
so-called one-liquid type in which all of the above-mentioned
Components (A) to (E), Component (F) and other optional
component(s) are treated as one composition, or may be
constituted by the two-liquids type and both are mixed at the
time of use.

The curable composition for encapsulating an optical
semiconductor of the present invention cures by heating to
have good impact resistance and to show extremely high
adhesiveness to a package material such as a polyphthalamide
(PPA) and a liquid crystalline polymer (LCP) or to a metal
substrate, so that it is useful as an encapsulating agent for
protecting an optical semiconductor device such as LED, IC,
LSI and organic EL.. The curing temperature of the curable
composition for encapsulating an optical semiconductor is
not particularly limited, and generally at 20 to 250° C., pref-
erably at 40 to 200° C. The curing time of that case may be
optionally selected the time that completes the cross-linking
reaction and the adhesion reaction with the various kinds of
semiconductor package materials, and generally preferably
10 minutes to 10 hours, more preferably 30 minutes to 8
hours.

Type A durometer hardness regulated by JIS K6253-3 of
the cured product obtained by curing the composition of the
present invention is 30 to 80. If it is less than 30, there is a fear
that it is poor in impact resistance as the LED encapsulating
agent, while if it exceeds 80, adhesion with the polyphthala-
mide (PPA) becomes difficult.

The viscosity regulated by JIS K7117-1 at 23° C. of the
composition according to the present invention is preferably
100 to 50,000 mPa-s in the point of handling operatability,
more preferably 200 to 30,000 mPa-s. When it is 100 mPa-s or
more, it is preferred since there is no fear that control of a
dispenser which discharges the composition into the LED
package with a predetermined amount becomes difficult due
to higher fluidity, and when it is 50,000 mPa-s or less, it is
preferred since there is no fear of lowering the productivity by
taking a time for leveling the composition in the LED pack-
age.

Moreover, the refractive index at 25° C. and 589 nm (D line
of sodium) of the cured product obtained by curing the com-
position of the present invention is preferably 1.30 or more
and less than 1.40. When the refractive index is within this
range, in the optical semiconductor apparatus in which the
above-mentioned optical semiconductor device is encapsu-
lated by the cured product obtained by curing the composition
of'the present invention, it is preferred since there is no fear of
lowering an efficiency which can take out the light emitted by
the LED outside depending on the design of the optical semi-
conductor apparatus.

For using the composition of the present invention, the
composition may be used by dissolving in a suitable fluorine
series solvent, for example, 1,3-bis(trifluoromethyl)benzene,
Fluorinert (product of 3M), perfluorobutyl methy] ether, per-
fluorobutyl ethyl ether, etc., with a desired concentration
depending on the uses and the objects.

A structure of the optical semiconductor apparatus which
can be used the curable composition for encapsulating an
optical semiconductor of the present invention is not particu-
larly limited. The optical semiconductor apparatus of the
present invention has an optical semiconductor device, and a
cured product obtained by curing the above-mentioned the
curable composition for encapsulating an optical semicon-
ductor of the present invention for encapsulating an optical
semiconductor device, and its representative sectional struc-
tures are shown in FIG. 1 and FIG. 2.
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In the optical semiconductor apparatus (light emitting
apparatus) 10 of FIG. 1, a conical-shaped concave portion 2'
the aperture of which is gradually broaden from the bottom
surface to upward is provided at a tip portion 2a of a first lead
frame 2, and an LED chip 1 is connected and fixed to the
bottom surface of the concave portion 2' through silver paste,
etc., by die bonding, whereby the first lead frame 2 and one of
an electrode (not shown in the drawing) at the bottom surface
of the LED chip 1 are electrically connected. In addition, it
comprises a tip portion 3a of a second lead frame 3 and
another electrode (not shown in the drawing) at the upper
surface of the LED chip 1 being electrically connected
through a bonding wire 4.

Moreover, in the above-mentioned concave portion 2', the
LED chip 1 is covered by an encapsulating agent 5 compris-
ing the cured product obtained by curing the above-men-
tioned the curable composition for encapsulating an optical
semiconductor of the present invention.

Also, the LED chip 1, the tip portion 2a of the first lead
frame 2 and the upper end of a terminal portion 24, a tip
portion 3a of a second lead frame 3 and the upper end of a
terminal portion 35 are covered and encapsulated by a trans-
mittant resin portion 7 having a convex lens portion 6 at the tip
thereof. The bottom end of the terminal portion 25 of the first
lead frame 2 and the bottom end of the terminal portion 35 of
the second lead frame 3 are projected outside penetrating
through the bottom end portion of the transmittant resin por-
tion 7.

In the optical semiconductor apparatus (light emitting
apparatus) 10' of FIG. 2, a conical-shaped concave portion 8'
the aperture of which is gradually broaden from the bottom
surface to upward is provided at the upper portion of a pack-
age substrate 8, and an LED chip 1 is fixed by adhesion to the
bottom surface of the concave portion 8' by a die bonding
material, and an electrode of the LED chip 1 is electrically
connected to an electrode 9 provided to the package substrate
8 by a bonding wire 4.

Further, in the concave portion 8', the LED chip 1 is cov-
ered by an encapsulating agent 5 comprising the cured prod-
uct obtained by curing the above-mentioned the curable com-
position for encapsulating an optical semiconductor of the
present invention.

Here, the above-mentioned LED chip 1 is not particularly
limited, and a conventionally known light-emitting device to
be used for the LED chip can be used. Such a light-emitting
device may be mentioned, for example, a material fabricated
by laminating semiconductor materials on a substrate at
which a buffer layer such as GaN and AIN is provided, if
necessary, by using various kinds of methods such as a
MOCVD method, a HDVPE method and a liquid phase
growth method. As the substrate in this case, various kinds of
materials can be used, and may be mentioned, for example,
sapphire, spinel, SiC, Si, ZnO, GaN single crystal, etc.
Among these, sapphire is preferably used in the viewpoints of
easily forming GaN having good crystallinity and having
high industrial value for utilization.

As the semiconductor material to be laminated, there may
be mentioned GaAs, GaP, GaAlAs, GaAsP, AlGalnP, GaN,
InN, AIN, InGaN, InGaAlN, SiC, etc. Among these, in the
view point that high luminance can be obtainable a nitride
series compound semiconductor (In,Ga,AlN) is preferred.
An activator, etc., may be contained in the material.

The structure of the light-emitting device may be men-
tioned MIS junction, pn junction, homo junction having PIN
junction, hetero junction or a double hetero-structure. Also, a
single or multiquantam well structure may be employed.
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To the light-emitting device may be provided a passivation
layer or may not be provided.

The emission wavelength of the light-emitting device may
be used various ones from an ultraviolet region to an infrared
region, and when the main emission peak wavelength of 550
nm or less is used, the effects of the present invention are
particularly remarkable.

The light-emitting device to be used may be subjected to a
single-color light emission using one kind, or may be sub-
jected to a single-color or a multi-color light emission using a
plural kind.

To the light-emitting device can be formed an electrode by
the method conventionally known in the art.

The electrode(s) on the light-emitting device can be elec-
trically connected to a lead terminal(s) by various kinds of
methods. The electrically connecting material is preferably a
material having good ohmic mechanical connectability with
the electrode(s) of the light-emitting device, and may be
mentioned, for example, a bonding wire 4 using gold, silver,
copper, platinum, aluminum or an alloy thereof as shown in
FIG.1and FIG. 2. In addition, a conductive adhesive in which
a conductive filler such as silver and carbon is filled by a resin
may be used. Among these, an aluminum wire or a gold wire
is preferably used in the viewpoint of good workability.

The above-mentioned first lead frame 2 and second lead
frame 3 are constituted by copper, a copper-zinc alloy, an
iron-nickel alloy, etc.

Moreover, a material for forming the above-mentioned
transmittant resin portion 7 is not particularly limited so long
as it is a material having light transmittance, and an epoxy
resin or a silicone resin is mainly used.

Also, the above-mentioned package substrate 8 can be
prepared by using various kinds of materials, and may be
mentioned, for example, a polyphthalamide (PPA), a polycar-
bonate resin, a polyphenylene sulfide resin, a polybutylene
terephthalate resin, a polyamide resin, a liquid crystalline
polymer, an epoxy resin, an acrylic resin, a silicone resin, a
modified silicone resin, an ABS resin, a BT resin, ceramic,
etc. Among these, heat resistance, in the viewpoints of
strength and a cost, a polyphthalamide (PPA) is particularly
preferred. Moreover, it is preferred to improve light reflec-
tance by adding a white pigment such as barium titanate,
titanium oxide, zinc oxide and barium sulfate to the above-
mentioned package substrate 8.

Next, the encapsulating agent 5 to cover the LED chip 1 is
a material for transmitting light from the above-mentioned
LED chip 1 to outside with good efficiency and for protecting
the above-mentioned LED chip 1 or a bonding wire 4 from an
external force or dust. As the encapsulating agent 5, the cured
product of the composition according to the present invention
is used. The encapsulating agent 5 may contain a fluorescent
substance or a light diffusing material.

In the curable composition for encapsulating an optical
semiconductor of the present invention, the cured product has
good impact resistance, so that the optical semiconductor
apparatus of the present invention 10 and 10' in which the
optical semiconductor device is encapsulated by using the
composition of the present invention can be manufactured
without damaging the parts.

EXAMPLES

Inthe following, the present invention is explained in more
detail by referring to Examples and Comparative Examples,
but the present invention is not limited by the following
Examples. Incidentally, in the following examples, “Me” rep-
resents a methyl group. In addition, the viscosity is a mea-
sured value regulated by JIS K7117-1 at 23° C.
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Example 1

To 100 parts by mass of the linear polyfluoro compound
(viscosity: 4,010 mPa-s, vinyl group amount: 0.0299 mole/
100 g) represented by the following formula (16) were suc-
cessively added 8.12 parts by mass of the cyclic organopol-
ysiloxane (SiH group amount: 0.00499 mole/g) represented
by the following formula (17), 0.15 part by mass of a toluene
solution (platinum concentration: 0.5% by mass) containing a
platinum-divinyltetramethyldisiloxane complex, 3.0 parts by
mass of the cyclic organopolysiloxane represented by the
following formula (18), and 2.0 parts by mass of the cyclic
organopolysiloxane (vinyl group amount: 0.00531 mole/g)
represented by the following formula (19), and mixed uni-
formly. Thereafter, defoaming operation was carried out to
prepare a composition.

N C CF O—CF,— CF —(CFy)— TF CF,—O | - ” |
Me Fs CF; O Me
n

36

formly. Thereafter, defoaming operation was carried out to
prepare a composition.

H
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Example 2

To 100 parts by mass of the linear polyfluoro compound
represented by the above-mentioned formula (16) were suc-
cessively added 10.3 parts by mass of the cyclic organopol-
ysiloxane (SiH group amount: 0.00394 mole/g) represented
by the following formula (20), 0.15 part by mass of a toluene
solution (platinum concentration: 0.5% by mass) containing a
platinum-divinyltetramethyldisiloxane complex, 3.0 parts by
mass of the cyclic organopolysiloxane represented by the
following formula (21), and 3.0 parts by mass of the cyclic
organopolysiloxane (vinyl group amount: 0.00357 mole/g)
represented by the following formula (22), and mixed uni-
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-continued
(22)
H
/O—C —TF O_CFZ_TF F
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CH, ﬁH
/ TH
T i0
’7Me Me
Example 3

To 100 parts by mass of the linear polyfluoro compound
represented by the above-mentioned formula (16) were suc-
cessively added 6.43 parts by mass of the cyclic organopol-
ysiloxane (SiH group amount: 0.00605 mole/g) represented
by the following formula (23), 0.20 part by mass of a toluene
solution (platinum concentration: 0.5% by mass) containing a
platinum-divinyltetramethyldisiloxane complex, 4.0 parts by
mass of the cyclic organopolysiloxane represented by the
following formula (24), and 2.0 parts by mass of the cyclic
organopolysiloxane (vinyl group amount: 0.00451 mole/g)
represented by the following formula (25), and mixed uni-
formly. Thereafter, defoaming operation was carried out to
prepare a composition.

23)

CeF13
HC/
2
\CH
2
/ H
H,C
\. |
TlO TlO
Me Me A
(24
CeF13
/
H,C / \
\CHZ CH,—CH,0CH,—CH—-CH,
/
CH, H CH,
\L | |
TlO TlO TlO
Me \Me Z Me Z
(25)
CeF13
\ CH.
CH, ” 2
H

Example 4

To 100 parts by mass of the linear polyfluoro compound
represented by the above-mentioned formula (16) were suc-
cessively added 8.33 parts by mass of the cyclic organopol-
ysiloxane (SiH group amount: 0.00486 mole/g) represented
by the following formula (26), 0.20 part by mass of a toluene
solution (platinum concentration: 0.5% by mass) containing a
platinum-divinyltetramethyldisiloxane complex, 4.0 parts by
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mass of the cyclic organopolysiloxane represented by the
following formula (27), and 3.0 parts by mass of the cyclic
organopolysiloxane (vinyl group amount: 0.00353 mole/g)
represented by the following formula (28), and mixed uni-
formly. Thereafter, defoaming operation was carried out to
prepare a composition.

(26)
0
/o—c —TF O—CFZ—TF F
HzC\ CF; CFs /.
CH,
/ H
HC
\ |
TiO TiO
Me Me A
(27)
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| —CHZOCHZ—CH CH2
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Example 5

A composition was prepared in the same manner as in

> Example 3 except for changing the amount of the cyclic
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organopolysiloxane represented by the above-mentioned for-
mula (23) to 12.4 parts by mass and further the amount of the
cyclic organopolysiloxane represented by the above-men-
tioned formula (25) to 10.0 parts by mass in the above-men-
tioned Example 3.

Example 6

A composition was prepared in the same manner as in
Example 3 except for changing the amount of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (23) to 19.9 parts by mass and further the amount of the
cyclic organopolysiloxane represented by the above-men-
tioned formula (25) to 20.0 parts by mass in the above-men-
tioned Example 3.

Example 7

A composition was prepared in the same manner as in
Example 6 except for using 100 parts by mass of the linear
polyfluoro compound (viscosity: 10,900 mPa-s, vinyl group
amount: 0.0123 mole/100 g) represented by the following
formula (29) in place of the linear polyfluoro compound
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represented by the above-mentioned formula (16) and chang-
ing the amount of the cyclic organopolysiloxane represented
by the above-mentioned formula (23) to 16.9 parts by mass in
the above-mentioned Example 6.

Me

/Ti

Me

H,C=HC

Example 8

A composition was prepared in the same manner as in
Example 6 except for using 100 parts by mass of the linear
polyfluoro compound (viscosity: 17,100 mPa-s, vinyl group
amount: 0.0091 mole/100 g) represented by the following
formula (30) in place of the linear polyfluoro compound
represented by the above-mentioned formula (16) and chang-
ing the amount of the cyclic organopolysiloxane represented
by the above-mentioned formula (23) to 16.4 parts by mass in
the above-mentioned Example 6.

Me

He=nc” |
Me

Example 9

A composition was prepared in the same manner as in
Example 6 except for using 100 parts by mass of the linear
polyfluoro compound (viscosity: 26,900 mPa-s, vinyl group
amount: 0.0070 mole/100 g) represented by the following
formula (31) in place of the linear polyfluoro compound
represented by the above-mentioned formula (16) and chang-
ing the amount of the cyclic organopolysiloxane represented
by the above-mentioned formula (23) to 16.1 parts by mass in
the above-mentioned Example 6.

Me
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Example 10

A composition was prepared in the same manner as in
Example 7 except for changing the amount of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (23) to 21.4 parts by mass and the amount of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (24) to 5.0 parts by mass, further the amount of the
cyclic organopolysiloxane represented by the above-men-
tioned formula (25) to 26.0 parts by mass in the above-men-
tioned Example 7.

Example 11

A composition was prepared in the same manner as in
Example 8 except for changing the amount of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (23) to 25.4 parts by mass and the amount of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (24) to 6.0 parts by mass, further the amount of the
cyclic organopolysiloxane represented by the above-men-
tioned formula (25) to 32.0 parts by mass in the above-men-
tioned Example 8.

Example 12

A composition was prepared in the same manner as in
Example 9 except for changing the amount of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (23) to 38.4 parts by mass and the amount of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (24) to 8.0 parts by mass, further the amount of the
cyclic organopolysiloxane represented by the above-men-
tioned formula (25) to 50.0 parts by mass in the above-men-
tioned Example 9.

Example 13

A composition was prepared in the same manner as in
Example 3 except for adding 0.50 part by mass of the cyclic
organopolysiloxane represented by the following formula
(32) in the above-mentioned Example 3.

(32

Example 14

A composition was prepared in the same manner as in
Example 5 except for adding 0.80 part by mass of the cyclic
organopolysiloxane represented by the following formula
(33) in the above-mentioned Example 5.
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(33)
H

O—CZ—TF O—CFZ—TF F
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\ OO\ 20
\ H
|
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A composition was prepared in the same manner as in
Example 6 except for adding 1.0 part by mass of the cyclic
organopolysiloxane represented by the following formula
(34) in the above-mentioned Example 6.

Ha

/ ~ /0\[0
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Example 15

(34
/O\
/C5F13
\
/ /
% \
FMe
Example 16

A composition was prepared in the same manner as in
Example 7 except for adding 0.80 part by mass of the cyclic
organopolysiloxane represented by the following formula
(35) in the above-mentioned Example 7.

—c —CF O—CFZ—CF—>7F
/ ;

\

(35)




US 9,093,625 B2

43
Example 17

A composition was prepared in the same manner as in
Example 8 except for adding 0.7 part by mass of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (34) in the above-mentioned Example 8.

Example 18

A composition was prepared in the same manner as in
Example 9 except for adding 0.5 part by mass of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (34) in the above-mentioned Example 9.

Example 19

A composition was prepared in the same manner as in
Example 10 except for adding 1.0 part by mass of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (34) in the above-mentioned Example 10.

Example 20

A composition was prepared in the same manner as in
Example 11 except for adding 1.3 parts by mass of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (34) in the above-mentioned Example 11.

Example 21

A composition was prepared in the same manner as in
Example 12 except for adding 2.0 parts by mass of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (34) in the above-mentioned Example 12.

Example 22

To 100 parts by mass of the linear polyfluoro compound
represented by the above-mentioned formula (16) (viscosity:
4,010 mPa-s, vinyl group amount: 0.0299 mole/100 g) were
successively added 29.3 parts by mass of the organo hydrogen
siloxane (SiH group amount: 0.00210 mole/g) represented by
the following formula (40), 0.20 part by mass of a toluene
solution (platinum concentration: 0.5% by mass) containing a
platinum-divinyltetramethyldisiloxane complex, 3.0 parts by
mass of the cyclic organopolysiloxane represented by the
above-mentioned formula (24), and 7.0 parts by mass of the
cyclic organopolysiloxane (vinyl group amount: 0.00451
mole/g) represented by the above-mentioned formula (25),
and mixed uniformly. Thereafter, defoaming operation was
carried out to prepare a composition.
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Example 23

To 100 parts by mass of the linear polyfluoro compound
represented by the above-mentioned formula (16) (viscosity:
4,010 mPa-s, vinyl group amount: 0.0299 mole/100 g) were
successively added 31.8 parts by mass of the organo hydrogen
siloxane (SiH group amount: 0.00319 mole/g) represented by
the following formula (41), 0.20 part by mass of a toluene
solution (platinum concentration: 0.5% by mass) containing a
platinum-divinyltetramethyldisiloxane complex, 3.0 parts by
mass of the cyclic organopolysiloxane represented by the
above-mentioned formula (24), and 20.0 parts by mass of the
cyclic organopolysiloxane (vinyl group amount: 0.00357
mole/g) represented by the above-mentioned formula (22),
and mixed uniformly. Thereafter, defoaming operation was
carried out to prepare a composition.

41
Me Me
H—SiO OSi—(CH,)3—CgF i3
Me /) Me
Si— (CHs),—Si
Me Me
C5F13—(CH2)3—T10 Oéi—H
Me Me A
Example 24

To 100 parts by mass of the linear polyfluoro compound
represented by the above-mentioned formula (16) (viscosity:
4,010 mPa-s, vinyl group amount: 0.0299 mole/100 g) were
successively added 39.2 parts by mass of the organo hydrogen
siloxane (SiH group amount: 0.00322 mole/g) represented by
the following formula (42), 0.20 part by mass of a toluene
solution (platinum concentration: 0.5% by mass) containing a
platinum-divinyltetramethyldisiloxane complex, 3.0 parts by
mass of the cyclic organopolysiloxane represented by the
above-mentioned formula (27), and 27.0 parts by mass of the
cyclic organopolysiloxane (vinyl group amount: 0.00357
mole/g) represented by the above-mentioned formula (22),
and mixed uniformly. Thereafter, defoaming operation was
carried out to prepare a composition.

(40)
Me Me
F ?F—CFZ—O ?F—CHZ—O—(CHZ)g—éiO Oéi—H
‘<CF3 >:CF3 l\l/Ie l\'/[e /
Si—(CHy),—CgF 1,—(CH,),—Si
Mo Me
H—siG OTi—(CH2)3—O—CHZ—?F(O—CFZ—?F—)F
Me Me CF; CF32
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(42)

Me Me

CgF 13— (CH)3—Si0, 0Si—H
Ml

Si—O0—Si

Me

H—Sio OSi— (CHy);—CeF 13

Me A Me

Me
H—Si0

Me
3

Example 25

To 100 parts by mass of the linear polyfluoro compound
represented by the above-mentioned formula (16) (viscosity:
4,010 mPa-s, vinyl group amount: 0.0299 mole/100 g) were
successively added 32.2 parts by mass of the organo hydrogen
siloxane (SiH group amount: 0.00315 mole/g) represented by
the following formula (43), 0.20 part by mass of a toluene
solution (platinum concentration: 0.5% by mass) containing a
platinum-divinyltetramethyldisiloxane complex, 3.0 parts by
mass of the cyclic organopolysiloxane represented by the
above-mentioned formula (27), and 20.0 parts by mass of the
cyclic organopolysiloxane (vinyl group amount: 0.00357
mole/g) represented by the above-mentioned formula (22),
and mixed uniformly. Thereafter, defoaming operation was

carried out to prepare a composition.
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Example 26

To 100 parts by mass of the linear polyfluoro compound
represented by the above-mentioned formula (16) (viscosity:
4,010 mPa-s, vinyl group amount: 0.0299 mole/100 g) were
successively added 28.5 parts by mass of the organo hydrogen
siloxane (SiH group amount: 0.00356 mole/g) represented by
the following formula (44), 0.20 part by mass of a toluene
solution (platinum concentration: 0.5% by mass) containing a
platinum-divinyltetramethyldisiloxane complex, 3.0 parts by
mass of the cyclic organopolysiloxane represented by the
above-mentioned formula (27), and 20.0 parts by mass of the
cyclic organopolysiloxane (vinyl group amount: 0.00357
mole/g) represented by the above-mentioned formula (22),
and mixed uniformly. Thereafter, defoaming operation was
carried out to prepare a composition.

(44)
Me
OSi—H

Me

Si——(CH,); — CF>0—(CF,CF,0);— (CF0), —CF, —(CH,),—Si

Me
OSi— (CH)3—CgF 13

Me

Example 27

To 100 parts by mass of the linear polyfluoro compound
represented by the above-mentioned formula (16) (viscosity:
4,010 mPa-s, vinyl group amount: 0.0299 mole/100 g) were
successively added 10.4 parts by mass of the cyclic organop-
olysiloxane (SiH group amount: 0.00486 mole/g) represented
by the above-mentioned formula (26), 15.9 parts by mass of
the organo hydrogen siloxane (SiH group amount: 0.00319
mole/g) represented by the above-mentioned formula (41),
0.20 part by mass of a toluene solution (platinum concentra-
tion: 0.5% by mass) containing a platinum-divinyltetrameth-
yldisiloxane complex, 3.0 parts by mass of the cyclic organ-
opolysiloxane represented by the above-mentioned formula
(27), and 20.0 parts by mass of the cyclic organopolysiloxane
(vinyl group amount: 0.00357 mole/g) represented by the
above-mentioned formula (22), and mixed uniformly. There-
after, defoaming operation was carried out to prepare a com-
position.

(43)
Me
0Si—H
Me Me /
H—Si0—}—8i— (CH,),— CF— OCF,CF— 0— CF,CF,— 0 — CFCF,0— CF— (CH,),—Si
Me CF; CF; CF;3 CF; Me

OSi—(CHy)3—CeF13

Me
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Example 28

A composition was prepared in the same manner as in
Example 22 except for adding 0.30 part by mass of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (34) in the above-mentioned Example 22.

Example 29

A composition was prepared in the same manner as in
Example 23 except for adding 0.50 part by mass of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (34) in the above-mentioned Example 23.

Example 30

A composition was prepared in the same manner as in
Example 24 except for adding 0.70 part by mass of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (35) in the above-mentioned Example 24.

Example 31

A composition was prepared in the same manner as in
Example 25 except for adding 0.50 part by mass of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (35) in the above-mentioned Example 25.

Example 32

A composition was prepared in the same manner as in
Example 26 except for adding 0.50 part by mass of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (35) in the above-mentioned Example 26.

Example 33

A composition was prepared in the same manner as in
Example 27 except for adding 0.50 part by mass of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (35) in the above-mentioned Example 27.

Comparative Example 1

A composition was prepared in the same manner as in
Example 1 except for changing an amount of the cyclic orga-
nopolysiloxane represented by the above-mentioned formula
(17) to 5.99 parts by mass and further omitting the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (19) in the above-mentioned Example 1.

Comparative Example 2

A composition was prepared in the same manner as in
Example 2 except for changing an amount of the cyclic orga-
nopolysiloxane represented by the above-mentioned formula
(20) to 7.59 parts by mass and further omitting the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (22) in the above-mentioned Example 2.

Comparative Example 3

A composition was prepared in the same manner as in
Example 7 except for changing an amount of the cyclic orga-
nopolysiloxane represented by the above-mentioned formula
(23) to 2.03 parts by mass and further omitting the cyclic
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organopolysiloxane represented by the above-mentioned for-
mula (25) in the above-mentioned Example 7.

Comparative Example 4

A composition was prepared in the same manner as in
Example 8 except for changing an amount of the cyclic orga-
nopolysiloxane represented by the above-mentioned formula
(23) to 1.50 parts by mass and further omitting the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (25) in the above-mentioned Example 8.

Comparative Example 5

A composition was prepared in the same manner as in
Example 9 except for changing an amount of the cyclic orga-
nopolysiloxane represented by the above-mentioned formula
(23) to 1.16 parts by mass and further omitting the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (25) in the above-mentioned Example 9.

Comparative Example 6

A composition was prepared in the same manner as in
Example 9 except for changing an amount of the cyclic orga-
nopolysiloxane represented by the above-mentioned formula
(23) to 54.8 parts by mass and further changing an amount of
the cyclic organopolysiloxane represented by the above-men-
tioned formula (25) to 72.0 parts by mass in the above-men-
tioned Example 9.

Comparative Example 7

A composition was prepared in the same manner as in
Example 9 except for changing an amount of the cyclic orga-
nopolysiloxane represented by the above-mentioned formula
(23) to 54.8 parts by mass, and changing an amount of the
cyclic organopolysiloxane represented by the above-men-
tioned formula (25) to 72.0 parts by mass, further adding 3.0
parts by mass of the cyclic organopolysiloxane represented
by the above-mentioned formula (34) in the above-mentioned
Example 9.

Comparative Example 8

A composition was prepared in the same manner as in
Example 22 except for changing an amount of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (40)to 14.2 parts by mass and further omitting the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (25) in the above-mentioned Example 22.

Comparative Example 9

A composition was prepared in the same manner as in
Example 24 except for changing an amount of the cyclic
organopolysiloxane represented by the above-mentioned for-
mula (42) to 62.5 parts by mass, and changing an amount of
the cyclic organopolysiloxane represented by the above-men-
tioned formula (22) to 48.0 parts by mass, further adding 2.0
parts by mass of the cyclic organopolysiloxane represented
by the above-mentioned formula (35) in the above-mentioned
Example 24.

With regard to each composition, evaluations on the fol-
lowing items were carried out. The curing conditions are at
150° C. for 5 hours. The results are all shown in Table 1.
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1. Viscosity of composition: according to JIS K7117-1, mea- TABLE 1-continued
sured at 23° C.
2. Hardness: a sheet state cured product having a thickness of g::)ziregfe J 0 0 0 0 0
2 mm was prepared, and measured according to JIS wire/mumber
K6253-3. 5
3. Refractive index: a sheet state cured product having a Exalnfple Exagple Exagple Exaﬂple Exagple
thickness of 2 mm was prepared, and measured the refrac-
tive index by using a multi-wavelength Abbe’s refractome- Viscosity/ 11,100 16,300 2,670 753 280
ter DR-M2/1550 (product of ATAGO CO.,LTD.) at 25° C. mPa-s
. . 10 Hardness 79 80 35 54 77
and 589 nm (D line of sodium). (Type A
4. Adhesiveness to polyphthalamide (PPA): A layer of the durometer)
composition with a thickness of 80 pm obtained as men- ,szracn"e 1.36 1.35 1.34 1.36 1.38
. . mdaex
tioned above was sandw1ched b.etween two sheets of the PPA shear 15 15 13 17 21
test panels made of PPA with a size of 100 mmx25 mm so 15 adhesive
as to overlap the respective edge portions of the panels with force/MPa
each 10 mm, and the composition was cured by heating at PP}‘? ) 80 80 100 100 100
. conesive
150° C. for 5 hours to prepare an adhered test piece. Then, failure
the test piece was subjected to a tensile shear adhesion test rate/%
(tensile speed: 50 mm/min) to evaluate an adhesive 2 Number of 0 0 0 0 0
strength (shear adhesive force) and a cohesive failure rate. disconnected
. . . . wire/number
5. Impact resistance of cured product: in the optical semicon-
ductor apparatus having the same constitution as shown in Example Example Example Example Example
the shape of FIG. 2, the composition obtained as mentioned 16 17 18 19 20
above for forming the encapsulating agent 5 was injected .
. . . . 25 Viscosity/ 6,010 15,300 25,600 4,180 10,500
into the concave portion 8' so that the LED chip 1 was mPa - s
dipped, and heated at 150° C. for 5 hours to fabricate an Hardness 64 55 45 78 77
optical semiconductor apparatus in which the LED chip 1 (Type A
had been encapsulated by the cured product of the compo- durometer)
.. . . Refractive 1.35 1.33 1.31 1.37 1.36
sition. Then, a thousand of the optical semiconductorappa- ) 4ex
ratuses were aligned by applying them to a bowl type PPA shear 1.8 17 15 2.0 1.9
vibration parts feeder, and then, a number of the appara- adhesive
tuses in which the bonding wire was disconnected were force/MPa
ted & PPA 100 100 100 100 100
counted. cohesive
35 failure
TABLE 1 rate/%
Number of 0 0 0 0 0
Example 1 Example 2 Example 3 Example 4 Example 5 disconnected
wire/number
Viscosity/ 2,680 2,520 2,750 2,600 873
mPa-s 40 Example Example FExample Example Example
Hardness 30 30 35 34 55 21 22 23 24 25
(Type A
durometer) Viscosity/ 16,000 495 289 234 270
Refractive 1.34 1.34 1.34 1.34 1.36 mPa - s
index Hardness 76 31 51 60 53
PPA shear 1.0 1.0 1.2 1.2 1.5 (Type A
adhesive 45 durometer)
force/MPa Refractive 1.35 1.35 1.37 1.37 1.37
PPA 100 100 100 100 90 index
cohesive PPA shear 2.0 1.1 1.4 1.5 1.4
failure adhesive
rate/% force/MPa
Number of 0 0 0 0 0 50 PPA 100 100 90 90 90
disconnected cohesive
wire/number failure
rate/%
Example Number of 0 0 0 0 0
Example 6 Example 7 Example 8 Example 9 10 disconnected
355 wire/number
Viscosity/ 307 6,820 15,700 25,800 4,770
mPa-s Example Example FExample Example Example
Hardness 80 65 57 48 80 26 27 28 29 30
(Type A
durometer) Viscosity/ 295 313 463 245 171
Refractive 1.38 1.35 1.33 1.31 1.37 mPa s
index 60 Hardness 55 55 30 50 58
PPA shear 1.8 1.6 1.5 1.3 1.6 (Type A
adhesive durometer)
force/MPa Refractive 1.37 1.37 1.35 1.37 1.37
PPA 80 85 90 90 80 index
cohesive PPA shear 1.4 1.5 1.3 1.6 1.7
failure 65 adhesive
rate/% force/MPa
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TABLE 1-continued
PPA 90 90 100 100 100
cohesive
failure
rate/%
Number of 0 0 0 0
disconnected
wire/number
Example Example Example
31 32 33
Viscosity/mPa - s 228 257 268
Hardness (Type A durometer) 52 54 54
Refractive index 1.37 1.37 1.37
PPA shear adhesive force/ 1.6 1.6 1.7
MPa
PPA cohesive failure rate/% 100 100 100
Number of disconnected 0 0 0
wire/number
TABLE 2
Comparative Comparative Comparative Comparative
Example 1 Example 2 Example 3 Example 4
Viscosity/ 3,050 2,910 9,980 16,500
mPa - s
Hardness 27 27 22 18
(Type A
durometer)
Refractive 1.34 1.34 1.33 1.32
index
PPA shear 0.8 0.8 0.7 0.5
adhesive
force/MPa
PPA cohesive 100 100 100 100
failure rate/%
Number of 9 11 24 44
disconnected
wire/number
Comparative Comparative Comparative Comparative
Example 5 Example 6  Example 7  Example 8
Viscosity/ 26,500 9,830 9,640 1,190
mPa - s
Hardness 14 20 84 25
(Type A
durometer)
Refractive 1.30 1.38 1.38 1.34
index
PPA shear 0.4 0.7 0.9 0.8
adhesive
force/MPa
PPA cohesive 100 20 30 100
failure rate/%
Number of 62 0 0 18
disconnected
wire/number
Comparative
Example 9

Viscosity/mPa - s 103

Hardness (Type A durometer) 82

Refractive index 1.38

PPA shear adhesive force/MPa 0.9

PPA cohesive failure rate/% 30

Number of disconnected wire/number

0

From the results shown in Table 1 and Table 2, the cured
products obtained by curing the curable compositions for
encapsulating an optical semiconductor of the present inven-
tion (Examples 1 to 33) had good impact resistance and good
adhesiveness to the PPA as compared with Comparative
Examples 1 to 9, and no disconnection of the bonding wire
was observed. From these results, the optical semiconductor
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apparatus can be manufactured without damaging the parts
such as disconnection of the bonding wire even when the
optical semiconductor apparatuses are collided to each other
during the manufacturing step by using the curable composi-
tion for encapsulating an optical semiconductor of the present
invention as the encapsulating agent of the optical semicon-
ductor device.

It must be stated here that the present invention is not
restricted to the embodiments shown by the above-mentioned
Examples. The embodiments shown by the above-mentioned
Examples are merely examples so that any embodiments
composed of substantially the same technical concept as dis-
closed in the claims of the present invention and expressing a
similar effect are included in the technical scope of the
present invention.

What is claimed is:
1. A curable composition for encapsulating an optical
semiconductor which comprises
(A) 100 parts by mass of a linear polyfluoro compound
represented by the following formula (1),

CH,—CH—(X),—Rf'—(X"),—CH=CH, 1)

wherein X is a group represented by any one of
—CH,—, —CH,0—, —CH,OCH,— and
—Y-—NR'—CO—;

where Y represents —CH,— or an 0-, m- or p-dimeth-
ylsilylphenylene group represented by the following
structural formula (2),

2
CH; A
R ¢

CH; ,

and R! represents a hydrogen atom, or an unsubstituted or
substituted monovalent hydrocarbon group;

X' is a group represented by any one of —CH,—,
—OCH,—, —CH,0CH,— and —CO—NR'—Y"'—;
where Y' is a group represented by any one of —CH,—

or an 0-, m- or p-dimethylsilylphenylene group rep-
resented by the following structural formula (3),

&)

L T
= CH;

and R! represents the same group as mentioned above;
“a” represents independently O or 1; Rf* represents a diva-
lent perfluoropolyether group represented by the follow-

ing formula (4) or (5),

@)

CF3 CF;

——CF2(OCF2CF),0CF5(CF3),CF,0(CFCF,0),CFar

wherein “p” and “q” represents each an integer of 1 to
150, and an average of the sum of “p” and “q” repre-
sents 2 to 300; “r” represents an integer of 0 to 6; and

t represents 2 or 3,



wherein “u” represents an integer of 1 to 300;
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5)
CF3

— CF2(OCFCF)(OCF2)s0C.Fa -

[TARt) [Tt}

s” repre-
sents an integer of 1 to 80; and “t” has the same meaning
as defined above,

(B) a cyclic organopolysiloxane represented by the follow-
ing formula (6), having a hydrogen atom directly bonded
to a silicon atom, and a monovalent perfluoroalkyl group
or a monovalent pertfluorooxyalkyl group each bonded
to a silicon atom through a divalent hydrocarbon group
which may contain an oxygen atom or a nitrogen atom in
the molecule, and/or an organo hydrogen siloxane rep-
resented by the following formula (36), having a hydro-
gen atom directly bonded to a silicon atom, and a
monovalent perfluoroalkyl group or a monovalent per-
fluorooxyalkyl group each bonded to a silicon atom
through a divalent hydrocarbon group which may con-
tain an oxygen atom or a nitrogen atom in the molecule,

)

(1
TiO Si0
R J \R* /

[T t) [TaRt)

wherein “w” represents an integer of 3 to 6; “v” repre-
sents an integer of 1 to 4; w+v represents an integer of
4 to 10; R? represents a substituted or unsubstituted
monovalent hydrocarbon group; and A represents a
monovalent perfluoroalkyl group or a monovalent
perfluorooxyalkyl group each bonded to a silicon
atom through a divalent hydrocarbon group which
may contain an oxygen atom or a nitrogen atom,

R® R®
G—?i—O O—Si—G
R® R®
, .

s Si—J]—Si

f i
H—?i—O (@] Si—H
RS RS
3.5 37

wherein J represents a divalent perfluoroalkylene group
oradivalent perfluorooxyalkylene group each bonded
to asilicon atom through an oxygen atom, an alkylene
group, or a divalent hydrocarbon group which may
contain an oxygen atom or a nitrogen atom; G inde-
pendently represents a monovalent perfluoroalkyl
group or a monovalent perfluorooxyalkyl group each
bonded to a silicon atom through a divalent hydrocar-
bon group which may contain an oxygen atom or a
nitrogen atom; R° independently represents a substi-
tuted or unsubstituted monovalent hydrocarbon
group; “s™ represents O or an integer of 1 to 3; “t"”
represents 0 or an integer of 1 to 3; and s'+t' represents
an integer of 1 to 5,

(36)
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(C) 0.1 to 500 ppm of a platinum group metal catalyst in

terms of a platinum group metal atom,

(D) 0.10to 10.0 parts by mass of a cyclic organopolysilox-

ane represented by the following formula (7), having a
hydrogen atom directly bonded to a silicon atom, a
monovalent perfluoroalkyl group or a monovalent per-
fluorooxyalkyl group each bonded to a silicon atom
through a divalent hydrocarbon group which may con-
tain an oxygen atom or a nitrogen atom, and an epoxy
group bonded to a silicon atom through a divalent hydro-
carbon group which may contain an oxygen atom in the
molecule,

(RYARYE
Sio Sio Sio
v ) \w ) \k

i /i k

73233 173333

wherein “1” represents an integer of 1 to 6; “4” represents
an integer of 1 to 4; “k” is an integer of 1 to 4; i+j+k
represents an integer of 4 to 10; R? represents a sub-
stituted or unsubstituted monovalent hydrocarbon

group;

Q)

D represents a monovalent perfluoroalkyl group or a

monovalent perfluorooxyalkyl group each bonded to a
silicon atom through a divalent hydrocarbon group
which may contain an oXygen atom or a nitrogen atom;
and E represents an epoxy group bonded to a silicon
atom through a divalent hydrocarbon group which may
contain an oxygen atom, and

(E) 0.10to 70.0 parts by mass of a cyclic organopolysilox-

ane represented by the following formula (8), having a
monovalent unsaturated hydrocarbon group directly
bonded to a silicon atom, and a monovalent perfluoro-
alkyl group or a monovalent perfluorooxyalkyl group
each bonded to a silicon atom through a divalent hydro-
carbon group which may contain an oxygen atom or a
nitrogen atom in the molecule,

YAl
Si0 Si0
AN

] m

wherein “1” represents an integer of 1 to 4; “m” repre-
sents an integer of 3 to 6; 1+m represents an integer of
4 to 10; R* represents a substituted or unsubstituted
monovalent hydrocarbon group; L represents a
monovalent perfluoroalkyl group or a monovalent
perfluorooxyalkyl group each bonded to a silicon
atom through a divalent hydrocarbon group which
may contain an oxygen atom or a nitrogen atom; and
M represents a monovalent unsaturated hydrocarbon
group directly bonded to a silicon atom, wherein the
above-mentioned Component (B) is contained in such
an amount that the hydrogen atom directly bonded to
a silicon atom becomes 0.1 to 2.0 mole based on 1
mole of the sum of the alkenyl group of the above-
mentioned Component (A) and the monovalent unsat-

®
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urated hydrocarbon group of the above-mentioned
Component (E), and a hardness of a cured product
obtained by curing the composition is a value of 30 to
80 by Type A durometer regulated by JIS K6253-3.
2. The curable composition for encapsulating an optical
semiconductor according to claim 1, wherein the composi-
tion further comprises as Component (F), 0.010to 10.0 parts
by mass of a cyclic organopolysiloxane represented by the
following formula (9), having a hydrogen atom directly
bonded to a silicon atom, a monovalent perfluoroalkyl group
or a monovalent perfluorooxyalkyl group each bonded to a
silicon atom through a divalent hydrocarbon group which
may contain an oxygen atom or a nitrogen atom, and a cyclic
carboxylic acid anhydride residue bonded to a silicon atom
through a divalent hydrocarbon group in the molecule,

(RYARYA
Si0 Si0 Si0
v/ \w ) \x

X 'y z

[Tt} [Tt}

wherein “X” represents an integer of 1 to 6; “y” represents
an integer of 1 to 4; “z” is an integer of 1 to 4; X+y+z
represents an integer of 4 to 10; R represents a substi-
tuted or unsubstituted monovalent hydrocarbon group; S

®
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position for encapsulating an optical semiconductor at 25° C.
and 589 nm which is a D line of sodium is 1.30 or more and
less than 1.40.

6. The curable composition for encapsulating an optical
semiconductor according to claim 2, wherein a refractive
index of a cured product obtained by curing the curable com-
position for encapsulating an optical semiconductor at 25° C.
and 589 nm which is a D line of sodium is 1.30 or more and
less than 1.40.

7. The curable composition for encapsulating an optical
semiconductor according to claim 3, wherein a refractive
index of a cured product obtained by curing the curable com-
position for encapsulating an optical semiconductor at 25° C.
and 589 nm which is a D line of sodium is 1.30 or more and
less than 1.40.

8. The curable composition for encapsulating an optical
semiconductor according to claim 4, wherein a refractive
index of a cured product obtained by curing the curable com-
position for encapsulating an optical semiconductor at 25° C.
and 589 nm which is a D line of sodium is 1.30 or more and
less than 1.40.

9. The curable composition for encapsulating an optical
semiconductor according to claim 1 wherein Component (A)
is a compound represented by the following formula (10),

10)

CH,==CH— (X"),—CF(OCF,CF),— O0— (CF,);—0— (CFCF,0).CF— (X"),— CH=CH,

CF;

represents a monovalent perfluoroalkyl group or a

monovalent perfluorooxyalkyl group each bonded to a

silicon atom through a divalent hydrocarbon group

which may contain an oXygen atom or a nitrogen atom;

and T represents a cyclic carboxylic acid anhydride resi-

due bonded to a silicon atom through a divalent hydro-
carbon group.

3. The curable composition for encapsulating an optical

semiconductor according to claim 1, wherein a viscosity

CF3

40

45

CF; CF;

wherein X' has the same meaning as in the above-men-
tioned X; X" has the same meaning as in the above-
mentioned X'; “a” independently represents O or 1; “d”
represents an integer of 2 to 6; “b” and “c” represent each
an integer of 1 to 150; and b+c represents 2 to 300 in an
average.
10. The curable composition for encapsulating an optical
semiconductor according to claim 2 wherein Component (A)
is a compound represented by the following formula (10),

10)

CH,=—=CH— (X"),—CF(OCF,CF),— O0—— (CF,);— 0 — (CFCF,0).CF—(X!"),— CH=CH,

CF;

regulated by JIS K7117-1 at 23° C. of the curable composi-
tion for encapsulating an optical semiconductor is 100 to
50,000 mPa-s.

4. The curable composition for encapsulating an optical
semiconductor according to claim 2, wherein a viscosity
regulated by JIS K7117-1 at 23° C. of the curable composi-
tion for encapsulating an optical semiconductor is 100 to
50,000 mPa-s.

5. The curable composition for encapsulating an optical
semiconductor according to claim 1, wherein a refractive
index of a cured product obtained by curing the curable com-

CF3

60

65

CF; CF;

wherein X' has the same meaning as in the above-men-
tioned X; X" has the same meaning as in the above-
mentioned X'; “a” independently represents O or 1; “d”
represents an integer of 2 to 6; “b” and “c” represent each
an integer of 1 to 150; and b+c represents 2 to 300 in an
average.

11. The curable composition for encapsulating an optical

semiconductor according to claim 3 wherein Component (A)
is a compound represented by the following formula (10),
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10)

CH,=CH—(X!),—CF(OCF>CF);—0—(CF,);—0— (CFCF,0).CF— (X!"),— CH=CH,

CF;  CFs CF;

wherein X' has the same meaning as in the above-men-
tioned X; X' has the same meaning as in the above-
mentioned X'; “a” independently represents O or 1; “d”
represents an integer of 2to 6; “b” and “c” represent each
an integer of 1 to 150; and b+c represents 2 to 300 in an
average.
12. The curable composition for encapsulating an optical
semiconductor according to claim 5 wherein Component (A)
is a compound represented by the following formula (10),

10

15

CF3

perfluoroalkyl group or a monovalent perfluorooxyalkyl
group possessed by Component (B), Component (D), Com-
ponent
(E) and Component (F) are each represented by the follow-
ing formula (11) or the following formula (12),

Chopr— an

10)

CH,=—CH— (X"),— CF(OCF,CF),— O — (CF,);—0— (CFCF,0),CF— (X!"),— CH=CH,

CF;  CFs CF;

wherein X' has the same meaning as in the above-men-
tioned X; X' has the same meaning as in the above-
mentioned X'; “a” independently represents O or 1; “d”
represents an integer of 2to 6; “b” and “c” represent each
an integer of 1 to 150; and b+c represents 2 to 300 in an
average.

13. The curable composition for encapsulating an optical
semiconductor according to claim 1, wherein an alkenyl
group content of the linear polyfluoro compound of Compo-
nent (A) is 0.0050 to 0.100 mole/100 g.

14. The curable composition for encapsulating an optical
semiconductor according to claim 2, wherein an alkenyl
group content of the linear polyfluoro compound of Compo-
nent (A) is 0.0050 to 0.100 mole/100 g.

15. The curable composition for encapsulating an optical
semiconductor according to claim 3, wherein an alkenyl
group content of the linear polyfluoro compound of Compo-
nent (A) is 0.0050 to 0.100 mole/100 g.

16. The curable composition for encapsulating an optical
semiconductor according to claim 5, wherein an alkenyl
group content of the linear polyfluoro compound of Compo-
nent (A) is 0.0050 to 0.100 mole/100 g.

17. The curable composition for encapsulating an optical
semiconductor according to claim 9, wherein an alkenyl
group content of the linear polyfluoro compound of Compo-
nent (A) is 0.0050 to 0.100 mole/100 g.

18. The curable composition for encapsulating an optical
semiconductor according to claim 1, wherein the monovalent
perfluoroalkyl group or a monovalent perfluorooxyalkyl
group possessed by Component (B), Component (D), Com-
ponent (E) and Component (F) are each represented by the
following formula (11) or the following formula (12),

Charp—

wherein f represents an integer of 1 to 10,

an

12)

CF;3 CF;3

F(CFCF,0),CF—

[Tty

wherein “g” represents an integer of 1 to 10.
19. The curable composition for encapsulating an optical
semiconductor according to claim 2, wherein the monovalent

35

40

45

50

55

60

CF3

wherein f represents an integer of 1 to 10,

12)

CF; CF;

F(CFCF,0),CF—

[Tty

wherein “g” represents an integer of 1 to 10.

20. The curable composition for encapsulating an optical
semiconductor according to claim 3, wherein the monovalent
perfluoroalkyl group or a monovalent perfluorooxyalkyl
group possessed by Component (B), Component (D), Com-
ponent (E) and Component (F) are each represented by the
following formula (11) or the following formula (12),

Chrp—

wherein f represents an integer of 1 to 10,

an

12)

CF;3 CF3

F(CFCF,0),CF—

[Tty

wherein “g” represents an integer of 1 to 10.

21. The curable composition for encapsulating an optical
semiconductor according to claim 5, wherein the monovalent
perfluoroalkyl group or a monovalent perfluorooxyalkyl
group possessed by Component (B), Component (D), Com-
ponent (E) and Component (F) are each represented by the
following formula (11) or the following formula (12),

Charp—

wherein f represents an integer of 1 to 10,

an

12)

CF;3 CF;3

F(CFCF,0),CF—

[Tty

wherein “g” represents an integer of 1 to 10.
22. The curable composition for encapsulating an optical
semiconductor according to claim 9, wherein the monovalent
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perfluoroalkyl group or a monovalent perfluorooxyalkyl
group possessed by Component (B), Component (D), Com-
ponent (E) and Component (F) are each represented by the
following formula (11) or the following formula (12),

CFoi— an

wherein f represents an integer of 1 to 10,

12)

CF;3 CF3

F(CFCF,0),CF—

[Tty

wherein “g” represents an integer of 1 to 10.

23. The curable composition for encapsulating an optical
semiconductor according to claim 13, wherein the monova-
lent perfluoroalkyl group or a monovalent perfluorooxyalkyl
group possessed by Component (B), Component (D), Com-

10

15

20

60

ponent (E) and Component (F) are each represented by the
following formula (11) or the following formula (12),

Chop—
wherein f represents an integer of 1 to 10,

an

12)

CF;3 CF;3

F(CFCF,0),CF—

[Tty

wherein “g” represents an integer of 1 to 10.

24. An optical semiconductor apparatus comprising an
optical semiconductor device and a cured product obtained in
curing the curable composition for encapsulating an optical
semiconductor according to claim 1 for encapsulating the
optical semiconductor device.

25. The optical semiconductor apparatus according to
claim 24, wherein the optical semiconductor device is a light
emitting diode.



